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IDENTIFICATION OF DO ALPHA POLYMORPHISM 
USING THE POLYMERASE CHAIN REACTION. 
Abstract 
v i  
S u b m itt ed  in  part i a l  f u l f i l l m en t  o f  t h e  re q u i rem e n ts f o r  t h e  deg ree M aster  
of Sc ience.  
R ichard Me l l o  
Schoo l  O f  A l l i ed  Health Profess ions  
Med ical Co l l ege  Of V i rg i n ia  Cam pus 
V i r g i n i a  C om m o nwea l th  U n ivers i ty 
Majo r  D i recto r :  Frank l i n  M u l l i nax,  M . D . 
T h i s  w a s  a s t u d y  o f  d e t e c t i o n  s y s t e m s  f o r  D O  a l p h a  H L A 
p o l y m o r p h i s m  that co u l d  be e x p l o i ted fo r  the  d e m o nstrat i on  o f  s i m u l ated 
ch i m er ism . Po lymorph ic  seg m e nts of DO a lpha DNA were am p l i f i ed  by the 
po lymerase cha in  react ion  ( PC R ) .  S i m u late d c h i m er ism was represe nted 
by a m i xtu re o f  m i n o r  and majo r  component  DNA .  The goal was to detect 
m i n o r  component DNA  i n  the presence of majo r  com ponent D NA util izi ng  
vari o u s  l aborato ry techn iques .  Tech n iques  st u d i e d  i n c l u ded probe st r ip  
t y p i n g  w i t h  t h e  A m p l i T y p e  H LA-D O A l p h a  test  k i t ,  a l l e l e - s p e c i f i c  
a m p l i f i cat i o n ,  p o l yac ry l am i d e  g e l  e l ect ro p h ores i s ,  rest r i ct i o n  e n z y m e s ,  
a n d  Southern transfer co m bined  with a perox i dase detect ion  syste m .  
T h e  A m pl iType H LA-DO A lpha  test k i t  h a d  a detect i on  sens it iv i ty of 
at l east 0. 2% . T h i s  is m uch better than the 1 0% detect i on  sens i t ivity i n  
non-PCR techn iques .  When the 3 .0 DO alpha type was m ixed as the m i nor 
com ponent  with u n d i l uted 1 .1 DO alpha type , the  detect ion  sens it iv ity for  
v i i 
the 3.0 DO alpha type i ncreased to a detect ion l eve l o f  0.1 %. 
Th e a l l e l e - s p e c i f i c  p r i m e rs  were  a b l e  to  s p e c i f i c a l l y  am p l i f y  t h e  
m i n o r  co m po n e n t  D N A  i n  the  presence of m aj o r  com ponent  D NA .  M ajor 
com ponent  D NA d i d  not am p l i fy and thus  d i d  not com pete with the  m i nor 
component  D N A  fo r  Taq po lym e rase .  The a l le l e-spec i f i c  p r im ers provided 
an ove ra l l  detect i on  sens it iv ity of 0. 2%. 
Backg rou n d  i n te rference preve nted detect ion  of m i nor com ponent  
bands o n  both  po lyacry lam ide  ge l s  sta ined  wi th  eth i d i u m  bromide and on 
Southern b l ots reacted with the peroxi dase detect ion  system . 
CHAPTER I 
Introduction 
Organ t ransp lantat i on  is an i m portant t he rape ut ic  to o l .  One examp le  
i s  b o n e  m a r r o w  t r a n s p l a n t a t i o n  f o r  t r e a t m e n t  o f  h e m at o l o g i c a l  
m a l i g n anc ies  ( Bo rt i n & R i m m, 1 9 8 9 ) .  M ost h u m an t ran s p l ants are f rom 
a l l o g e n e i c  dono rs ,  t hat is ,  a h u m an donor  that is  not  g e n et i ca l l y  i dent ica l  
to the  rec ip i en t .  
Th e  lack  of  an i d e nt i ca l  twi n dono r  req u i res  t hat bone m arrow be 
caref u l l y  m atched wi th  t h e  rec i p i e n t  (Sparkes ,  C r i st ,  G a l e ,  & F e i g ,  1 977) . 
Wh en  an appropr iate donor  is f o und ,  the  host 's m a l i g n ant bone marrow i s  
t reated t o  e r a d i cate a l l  b o n e  m a rrow ce l l s .  The  t ran s p l ant  w i l l  in f use  
donor  ce l l s ,  and  they w i l l  r epopu late the  bone  m arrow and re ma in  as  the 
o n ly v iab le  bone m arrow ce l l s .  
I f  h o st  b o n e  m a r r o w  c e l l s  a re  n ot c o m p l et e l y  e r a d i ca ted , two 
g e n et i c a l l y  d i f fe rent  ce l l  p o p u lat i o n s  rema in  i n  the  bone m ar row .  Th e 
p resence  o f  t hese  two d i f fe rent  c e l l  popu l at i o n s  i n  o n e  h o st i s  t e rmed  
c h i m e r ism . 
A cond i t ion  known as graft-versu s -h ost d i sease (GVHD) may occur. 
G V H D  is a c o n d i t i o n  caused by a l l o g e n e i c  d o n o r  l y m p h ocytes react i n g  
ag ai n st host t issu e .  That i s ,  d o n o r  T lymphocytes reco g n ize  ho st ce l ls  as 
1 
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f o r e i g n  a n d  p o s s i b l y  a c t i v a t e  h o s t B l y m p h o cy t e s  t o  i n i t i at e  a n  
auto i m m u n e  response ( Li ndho l m ,  Rydberg ,  & Stannegard ,  1 973) .  Death can 
r e s u l t  f r o m  b o n e  m a r ro w  a p l a s i a ,  l i v e r  f a i l u r e ,  m as s i v e  e n t e r i t i s ,  
p rog ressive i m m u n odef ic iency ,  o r  secondary i n fect ion  ( H ansen , Woodruf f ,  
& Good,  1 98 1  ) .  C h i m e rism d etect ion  i s  therefore an im portant procedure .  
No  m ethod  h as been  suf f ic ient ly  sens it ive to detect a sma l l  n u m b e r  ( e . g . ,  
l ess  t h a n  1 0 % )  o f  s u rv iv i n g  res i d u al host c h i m e r i c  ce l l s .  T h e  po lym erase 
chain react ion ( PC R) may overcome this obstacle .  
The  p o l y m e rase  cha i n react i o n  i s  a r e l at i v e l y  n e w  p roc e d u re to  
am p l i f y ,  i n  t h e  te s t  t ub e ,  a spe c i f i c  g e n e  sequ ence i nto m i l l i o n s  o f  cop ies  
i n  a s i m p l e ,  qu ick and  automated react i on  ( M u l l i s ,  Fa loona ,  Schar f ,  Sai k i ,  
H o r n ,  & E r l i c h ,  1 98 6 ) . Th i s  ab i l i ty  to  amp l i f y  a spec i f i c  deoxy r i b o n u c l e i c  
acid ( D NA) f ragment  h a s  h a d  a t remendous  i m pact o n  m ol ecu lar b i o l ogy 
research ( R odu ,  1 990)  and forensic science (J effreys,  Wi lso n ,  N e u m ann, & 
Keyte,  1 988) . 
PC R tech n o l o g y  has fac i l i tated fo re n s i c  t i ssue  ana lys is  (Jef f reys ,  
Wi lson ,  N e u m an n ,  & Keyte , 1 98 8 ) .  Th is  tech n ique  a m p l i f ies  hy pervar iab le  
re g i o n s  o f  D NA ,  i n c l u d i n g  r e p e at i n g  n u c l e o t i d e  s e q u e n ce s  known as 
var iable n u m be r  of  tandem repeats (VNTR) , port ions  of  the Y ch romosome ,  
and  H LA-DQ alpha segments. 
Th i s  app l icat i on  of P C R  tech no logy  i n creased the  sen s i t iv i ty fo r  the 
detect i o n  o f  c h i m e r i c  ce l l s ,  but  i ts  use  was l i m i ted .  The  a m p l i f i cat i o n  of 
a po rt i o n  of  the Y c h r o m o s o m e  from the D N A  o f  m ale  ce l l s  l i m i ted the  
app l icati on  to m ale p at i e nts who received fem ale bone m arrow (Law le r , 
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McCann ,  Conneal ly ,  & Humphries , 1 989) . 
T h i s  l im it atio n was o v e r co m e  by  am p l i f y ing  h y p e rv a ria b l e  D N A 
s e g m e nts  f o u n d  in both m ale s  and  fema les .  The V NTR D N A  s e g m e nts 
(C h al m e rs ,  Spro u l ,  Mil l s ,  Gibson ,  & B urnett, 1 990)  and the  h u m an l eukocyte 
ant igen  (H LA) genes such as the DO a lpha gene (Gy l lensten & Er l ich , 1 988) 
are s uc h  h yp e rv aria b l e  D NA s e g m e nt s .  Tec h n iq u e s  for d etect i n g  t h e  
ampl ified D O al pha g e n e  are the su bject o f  th is study.  
The H LA-D or  m ajo r  h i stoco m pat i b i l i ty comp lex  ( M H C )  c lass I I  genes 
are located o n  chro m osome 6 .  The H LA-D genes are organ ized into three 
loci: H LA-DR ,  H LA-DO, and H LA-D P .  Each locus encodes for  an alpha and a 
b e t a  g l y c o p r o t e i n . I t  i s  t h e  a s s o ci at i o n  o f  t h e  a l p h a  a n d  b e t a  
g lyco prote i n s  t hat f o r m s  a h ete rod i m e r  prote i n  expressed o n  the  s u rface 
of  B l y m ph ocytes ,  m acrophages ,  and activated l y m phocytes (Trowsdal e ,  
You n g ,  Ke l ly ,  Austin , Carso n ,  Meun ier ,  Er l ich , Spe i lman ,  & Bodmer ,  1 985) .  
Variation in  the D NA base sequence ,  o r  po lym orphism , found  i n  M H C 
c lass I I  genes  i s  seen near the  amino  terminal  outer  d o m ain encoded by the 
second exon (Trowsdale ,  Young ,  Ke l l y ,  Austin , Carson , Meanie r ,  So ,  Er l ich , 
Spe i l m a n ,  & B o d m e r ,  1 98 5 ) . A 242 base pair f rag m e n t  contai n i n g  the  
hypervar iab le  region  encoding for  a portion of the a lpha  chain of the H LA­
DO reg ion  ( D O  alpha) has been ampl i f ied by the po lym e rase chain react ion .  
I t  is  in  t his area that a l l e l ic var iat i on  occurs ( G y l l ensten & E r l i c h ,  1 988) . 
The re are 8 known a l le les of H LA-DO a lpha .  There are four  majo r  
a l l e l es ;  A 1 ,  A2 ,  A3, and A4 . The types A 1 and A4  can  be su btyped i nto 
A 1 . 1 ,  A 1 .2 ,  A 1 .3, and A4. 1 ,  A4.2, and A4.3, respective ly (Cetus Corporat ion ,  
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1 990) . Th e 8 DO a lpha types represent alternative fo rms of the  DO a lpha 
gene and thus  each is referred to as  an a l le le .  Two DO a lpha genes are 
i n h e rited ,  o n e  f rom each parent .  If the two inher i ted DO a lpha genes  are 
dif f e r e n t ,  t h e  patie nt  is h ete rozy g o u s  fo r  t h e  DO a l p h a  g e n e ;  and  the  
p at i e n t's t is s u e  w i l l  t ype  as two  dif f e r e n t  D O  a l p h a  t y p e s .  I f  bo th  
i n he rited D O a lpha  genes  a re  ident ica l ,  t he  pat i ent wi l l  be  h o m o zygous  for  
the  D O alpha gene;  and the pat ient's tissue wil l type as one DO alpha type 
(Gy l l ensten  & Er lich , 1 9 88) . 
The DO a lpha types can be detected and typed with the A m pl iType 
H L A-D O A l p h a  t e s t  k i t  f r o m  C e t u s  C o r p o r at i o n .  T h is is t h e  f i rs t  
com m e rcia l l y  availab le  test kit e m pl o y i n g  P C R  methodo logy .  The k i t  has 
p r im ari ly been  u sed in forens ic  stud ies  to type fo r  DO a lpha  genes  us i ng  
ve ry s m a l l  q uantities of  tissue  ( Cetus  Co rporatio n ,  1 9 90 ) . The  k i t  was 
used in the present  study to detect known DO a lpha  types in la bo rato ry­
p r e p ar ed  m ix t u r e s  of D N A  t h at s i m u l ate  c h i m e ris m .  T y p i n g  wit h t h e  
A m  p i  iTy p e  k i t  is  c o m  p a r e d  w i t h  a l t e r n a t iv e  t e c h n i q u e s  i n v o  l v  i n g  
restrictio n e n d o n u c le ase s ,  e l e ctro pho re sis, a l l e l e -s pec i f i c  a m p l i ficati on, 
and Southern  b lott i ng with a perox idase detect ion  system . 
Rationale for th is Study 
C him e rism fo l l owing bone  m arrow transp l antat i on  m ay be i nvo lved 
in GVH D ( Borgaonkar,  Bias,  Sroka, H utch inson ,  & Santos, 1 974) . Therefore,  
detection of  chim e rism m ay be im portant .  A technique  such as PC R cou ld  
he lp  detect chim e rism . Th is  p roje ct focuses on  the  id ent i f i cation of  DO 
a l ph a  po lymo rphism to detect DO a lp ha  types i n  labo ratory-prepared 
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mixtu res of D NA .  
Th e ratio na le  for  examining DO a lpha  type is the  recog nition that ( 1 ) 
t h e  D O  a l p h a  g e n e  can be u s e d  as a marke r  to dif fe rentiate between 
individ u a l s  wit h  d iff e ren t  DO a l p h a  types ,  ( 2 )  chim e r i c  i n d i v i d u a l s  m ay 
have d istin g u ishing DO a lpha types,  and (3)  pu blished reports i nd icate PCR 
is e f f e ct iv e  in d e t e ct i n g  c h i m e ris m ( L aw l e r ,  M cC a n n ,  C o n n e a l l y ,  & 
H u m ph ries ,  1 989;  C ha lm ers,  Sprou l ,  Mil l s ,  Gibson ,  & Bu rn ett , 1 990) . The 
ratio n a l e  for u s i n g  the DO a l p h a  test  k it  for detecting ch i m e rism is t hat it 
com bines  t h e  a m p lifying power  of PC R with t h e  abi lity to d i ff e ren t iate 
between the different DO a lpha types.  (Cetus Corporat i on ,  1 990) . 
Statement of H ypothesis 
T h e  D O  a l p h a  Am p liType test  k i t  wil l no t  detect chim e r i c  m i xt u res 
of m ajo r  and  m i nor  DO alpha DNA types and m ust be supp lemented with ,  or  
rep laced by alternative DO alpha typ ing tech n iques.  
Laboratory experim e nts incl ud e :  
1 )  E v a l u at io n o f  t h e  A m p l iTy p e  H LA - D O  A l p h a  tes t  k i t  f o r  
se n sitiv i ty  and  s pec i fic i ty usin g D N A  spec i m e n s  f rom i n d ividua ls  o f  known 
DO a lpha types .  Specim ens inc lude those tested sing ly  and as m i xtu res 
f rom two in divid ua ls .  
2 )  Kit a n a l y s i s  s u p p l e m e n t e d  wit h a l l e l e - s p e c i fic a m p l i f i cat i o n .  
A l l e l e -s p e c i fic am p l ificat i o n  m ay a l l ow re l ativ e l y  s m a l l  a m o u nts o f  D N A  
of  o n e  D O  a l p h a  t y p e ,  o r  min o r  com p o n e n t  D NA ,  to  be a m p l i fied w i th  
g reater  e ffic i e n cy in the presence of  a larger  am oun t  of  D NA ,  o r  m aj o r  
com ponent D NA.  The ampl i fied D O  alpha D N A  is detected b y  a combinat ion 
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of ge l  e l ectrophores is  and kit probe str ip  typin g .  
3 )  Restr iction endonuclease enzymes used t o  cut am plif i ed 
D O  al ph a  D N A  at specific base sequence sites prio r to exa m i n atio n by 
po lyacry lam ide gel e lect rophoresis . S i nce the DNA from the  var i ous  DO 
a lpha types have d i f ferent  base sequences,  one DO a lpha type can be cut 
w h i l e  a n o t h e r  D O  a l p h a  t y p e  re m ains  u n c u t .  W h e n  e x a m in e d  by g e l  
e l ectro ph oresis , t he  c u t  DO a l p h a  type reveals more t h a n  one  ban d ,  whil e 
the u ncut DO a lpha type i s  seen as one  s ing le  band of 242 base pairs .  Th is 
a l l ows d i fferentiation between DO alpha types . 
4 )  D e t e ct i o n  s e n s i t iv i ty  o f  t h e  p o l y a c r y l a m i d e g e l  w i l l  b e  
i n v e stig a t e d  b y  u s i n g  I n t e r n atio n a l  B i o t e c h n o l o g ie s ,  I n co r p o r at e d ,  
E n z y g r aph ic W e b  ( E ast m an K o d a k  C o m p a n y  P a c k a g e  I n s e r t ,  1 991 ) . 
A m p lified D N A  is e l ect rophoresed in po l yacry lam i d e  g e l  and  the  ge l  w i l l  
u n de r g o  S o u t h e r n  b l ott i n g  onto a n y l o n  m e m bran e .  T h e  m e m b rane  i s  
a l l owed to react w i t h  the  Enzygrap h i c  Web .  The Enzygrap h i c  Web i s  a 
s u p p ort p o l y m e r  coated w i th  a detect i on  system fo r  perox i dase enzyme 
activit y .  
T h e  r e s u l t s  o f  t h e s e  s tu d ies  a r e  p r e s e n t e d  in  t h e  f o l l o w i n g  
chapte rs .  Chapter 11 discusses b lood transf us ions and isoanti gens ,  M H C ,  
HLA, a n d  D O al pha ,  H LA typing techniques ,  o rgan t ransplants, bone marrow 
t ransp l antation ,  i m m u no logical  to l erance and ch i m e rism ,  p o l y m e rase cha in  
r e a c t i o n ,  T a q  p o l y m e r a s e ,  s t r e p t a v i d i n - b i o t i n  d e t e c t io n s y s t e m , 
rest r i c t i on  e n d o n u c l eases ,  and  po l yacry l amide g e l .  M ethods , m ate r i a l s ,  
a n d  experim ental des ign are inc luded i n  Chapter _1 1_1 . The resu l ts are 
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contained in Chapter IV and the d i scussion is inc luded in Chapter '::1.... 
CHAPTER II 
Literature Review 
J2lQQQ Transfusi o ns gn.Q lsoantigens 
I n  1 87 5 ,  Landois discussed the  adverse effects o f  t ransf u s i n g  b l ood 
betwe e n  s p e cie s .  B l o o d  t r a n s f u sio n be tween  t h e  s a m e  s pe c i e s  was 
preferab l e ;  h owever ,  com plications  were com m o n  even between the same 
species ( Landois , 1 875) .  
L a n d stein e r ' s  wo rk  in 1 9 0 1  resu l ted  i n  t h e  d i s covery o f  t h e  first 
h u m an b lood g ro u p  system ,  the ABO system . Landstein e r  mixed vario us 
dif fe rent  h u m an b lood s e r u m  sp ecim e n s  wit h was h e d  e ry th rocytes f rom 
ot h e r  d o n o rs and  f requent ly  o bserved agg l utinat i o n .  The serum factor  that 
c a u s e d  a g g l u t i n at i o n  o f  b l o o d  f r o m  t h e  s a m e s p e cies  w a s n a m e d  
iso antib ody o r  i s o h e m agg lu t i n i n  ( Landsteine r ,  1 9 3 1 ) .  The discovery o f  the 
A BO system was i m portant because the  t ransfus ion  of A BO incom pat i b le 
red b lood ce l ls  m ay lead to death .  
U n e x p e c t e d  t r a n s f u si o n  r e a c t i o n s  c o n t i n u e d  d e s p i t e  A B O  
com patib i l ity testing . The discovery o f  t he  seco n d  b lood  g roup  syste m ,  the 
R h  system ,  by Lan dsteiner  and Wiener in 1 940 was s ign i f i cant fo r  reduc ing 
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t h e  n u m be r  o f  h e m o ly t i c  t ransfusion reactio ns  and  fo r  defin i n g  h e m o ly t i c  
dis e a s e  o f  the  n ew b o r n . W h e n  r h e s u s  m o n ke y  red  b l o od  ce l l s  were  
i n ocu l ated into g uinea p igs  and rabbits ,  t he  anim als deve loped ant ibod ies 
t h at caused a g g l u t i n atio n o f  both  r h e s u s  m o n key  e ry th rocytes and  the 
e ry th rocytes of  about  85% of  the h u m an d o n o r s .  This n ew l y  id en t i fie d 
antig en  was des ignated R h ,  for  the sou rce of discovery,  t he  rhesus m o n key 
(Landsteiner  & Weiner ,  1 940 ) .  
Ant i bo die s  to R h  antig e n s  a re  respo ns ib l e  for  a variety of i n  v i vo 
h e m o l yt i c antig e n -ant i body react i ons .  For  exam p l e ,  h e m o ly t ic  disease of  
t h e  n e w b o r n or  e r yt h r o b l as t o s i s  f e t a l i s  can  b e  cau s e d  b y  m at e r n a l  
antibodies d i rected against i n  utero fetal  R h  red c e l l  ant ig e n s .  Th e m other  
is  e xposed to foreig n R h  ant ig en  due to fete- m aterna l  hem orrhage dur i ng  
de livery .  This e x posure  m ay resu l t  in  se nsit i zat i on  (an t ibody product i o n ) .  
I n  s u bsequent p reg nancies ,  t h e  ant i body m ay cross t h e  p lacenta,  attach to 
feta l  Rh antig e n ,  and t h e  e n s u i n g  an t i gen -ant i body re actio n resu l ts  i n  
h e m o lysis a n d  m arked i n fant damage ( F reda,  G o r m a n ,  P o l l ack ,  & Bowie 
1 9 75 ) .  
S u bsequent work  revealed a variety of  o the r  isoantigens  on  the red 
b l o o d  c e l l s .  S o m e  a r e  s u f f i cie n t l y  p o t e n t  im m u n o g e n s  to c a u s e  
t r a n s f u sion  r e actio n s .  Oth e r  iso an tig e n s  a r e  p rim ari ly  u s e d  to  s o l v e  
m e d i c o l e g a l  a n d  an th r o p o l o gical  p ro b l e m s ,  b u t  h av e  ye t  to  s h o w  any  
definite cont r i bu t i on  to disease ( l ssitt & Crooksto n ,  1 984) . 
l s o antig e n s  have a l s o  b e e n  i d e n t i f ie d o n  b l o o d  l e u kocytes  a n d  
p late lets . These m arkers are co l lective ly  designated h u m an l e u kocyte 
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a ntig e n s  ( H  LA)  a n d  are f o u n d  o n  p l at e l e t s ,  a l l  white  b l oo d  c e l l s ,  and  
n uc leated  fix e d  t i ssues  of  t he  b o d y  ( Oau sset & B recy ,  1 9 54; Van  Camp ,  
Co le ,  & Pete rmans ,  1 977; Gil l ,  1 978) .  
M..ajQr. H istoco mpatib i l ity Complex !M..t:i.Q1 HLA. and OOAJ..Qha 
The m aj o r  h i stoco m pat i bi l i ty comp lex  ( M H C )  is the  H LA gene  c l uste r  
l ocated o n  the  h u man  c h romosome 6 ( Oausset , et . a l . ,  1 954; Van Camp ,  
e t .al . ,  1 977 ;  Gil l ,  C rame r ,  & R u nz 1 978 ) .  The H LA gene  c l uster is  d ivided 
into t h r e e  distinct reg io n s ,  based o n  t h e  st r u ct u r e  and f u n ct i o n  of  t h e  
e n coded  protein p r o d u ct .  The  th ree  protein p r o d u cts are  M H C  c l ass I 
protei ns ,  M HC c lass I I  prote ins ,  and com plem ent com ponents.  
M H C  class I p roteins cons ist  of  two po ly pept i d e s .  The l arge r  i s  
encoded b y  the M H C in t h e  H LA-A, B and C su breg ion  a n d  is  noncovalently 
as s o c i at e d  w i t h  t h e  s m a l l e r  p e ptid e ,  �2 m i c ro g l o b u l i n .  T h e  s m a l l e r  
peptide is encoded outs ide the M H C  reg ion .  These p roteins are i nserted 
into the ce l l u l a r  m e m b ranes  o f  a l l  n u c l eated  ce l l s  and p l ate l ets where  
t h ey  s e rve  as recogn itio n m o l ec u l e s  fo r  ide ntif i cation of  s e l f  by cytotox i c  
T l ymphocytes.  
The H LA-0 subregion of the M HC encodes the c lass I I  p roteins .  These 
p r o t eins  are inv o l v e d  i n  t h e  c o o p e ratio n ,  in te ractio n ,  a n d  re g u l atio n 
betwe e n  ce l l s  of t he  im m u n e  system .  They cons ist of two n o n cova lent ly  
associated peptides ,  the  a lpha and beta chains ;  both are  encoded by the 
M H C  com p lex .  The H LA-0 subregio n consists of t h ree d i stinct loci : H LA-
00, H LA-O R ,  and H LA - O P .  These proteins are i n serted into the ce l l u lar  
mem branes of  B lym phocytes,  macrophages, and activated T lymphocytes .  
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The t h i rd protein c lass encoded by the M H C  reg ion are proteins of the 
c lass ical  and alternate comp lement pathways (Owen & Crum pton, 1 980) . 
The  H LA system i s  extrem e ly  po lymorph ic; that i s ,  for  each known 
l o c u s ,  t h e r e  are m u l t i p l e  potent ia l  a l l e l e s .  For  exa m p l e ,  t he re  are at least 
23 d is t i nct a l l e l e s  at the  H LA-A l o cus  and at l e ast 4 7 at the H LA-B locus  
(Zinkernag e l ,  1 9 79 ) .  
E rl ich ut i l ized H LA-D po lymo rp hism to exam ine s m al l  H LA-DQ a lpha  
g e ne d i f f e r e n c e s  b e t w e e n  two  d i f f e r e nt ce l l  p o p u l at i ons ( E r l i c h  & 
B u g awan, 1 98 9 ) .  The H LA-DQ a lpha gene has fou r maj o r  al l e l i c  types.  
They are A 1 ,  A2 ,  A3 and A4 . Type A 1 can be subtyped into A 1 . 1 ,  A 1 . 2 ,  A 1 . 3 .  
Type 4 can be subtyped into A4 . 1 ,  A4 .2  and A4 . 3  (Cetus Corpo ration, 1 990) . 
These  h y p e rv a r i a b l e  re gions of p o l y m o rphis m  m ay be  a m p l i fie d by the  
po lym e rase chain reaction ( PC R )  in o rde r  to determ ine the H LA-DQ alpha 
type of  a ce l l  popu lat ion .  
HLA Typing Techniques 
H L A - A ,  B and C l o c i  ( M H C  c l a s s  I )  w e r e  o r i gina l l y  t y p e d  by  
agg l u t ination techniq ue s ,  em ploying m ixed l eu kocytes as  target ce l l s .  The 
c o m p l e m e nt  f i x at i o n  t e s t  w i t h  a p l a t e l e t  t a r g e t  was a n  a l t e rnate  
procedu re (Carpente r ,  1 977) . Both techniques have been rep laced by  the  
m i c ro lym ph ocytoto x i c i ty  techniq u e .  
Th e m i c r o l y m p h o cytot o x i c i ty  te st e m p l oys ant i b o d i e s  s p e c i f i c  f o r  
e i t he r  H LA-A,  B o r  C in t h e  p resence o f  rabbi t  se rum com p lement . Spec i f ic  
ant ibody  w i l l  react on ly  with a com p lem entary H LA type . Each H LA type is  
id entifie d w h en i t ' s  specif i c  ant i body binds the H LA ant i gen,  act ivat ing 
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com p lem e nt .  C o m p l e m ent activat i on  causes the  ce l l s  to b e  i nj u red .  Ce l l s  
i nj u r e d  by  an  a n t i bo d y - c o m p l e m e n t - a nt i g e n  r e act i o n  a l l o w  a d y e  to 
penetrate .  The ce l l s  beco m e  co lored and are counted (Sanf i l i ppo ,  Vaucha,  
Spees,  H i lse ,  & Letor,  1 984) . 
M H C c lass I I  typ i ng  i s  perfo rm e d  fo r  the  H LA-D reg i o n ,  spec i f i cal l y  
t he  H LA- DR loc i . M i xed lym phocyte react ions  a re  used to dete rm ine  H LA­
DR com patab i l i ty b etween  donor  and rec ip ient  l ymphocytes ( Van  Leverwen ,  
Schm it ,  & V an  Rood ,  1 973 ) .  
Qman Transplants 
B lood  t rans fus ion  and organ t ransp lantat i on  were very u n s u ccessfu l  
p r io r  to  accu rate ce l l  and  t i ssue ty p i n g .  The A BO and Rh i dent i f i cat ion  
l arg e l y  so lved the  b lood t ransf u s i o n  prob l e m ,  bu t  o rg a n  t ransp l antat i on  
req u i red m atch i ng  add i t i onal ce l l  factors such  as  t h e  H LA g e n e  products .  
L i tt l e  s u g g ested ,  even before  the A BO and Rh syste m s  were perfecte d ,  that 
several co m m o n ,  i ndependent ly segregati n g ,  dom i nant genes i n  both donor  
and rec i p i e nt ,  were c r u c i a l  to  a l l o g raft t i s s u e  t r a n s p l a nts ( L i tt l e ,  1 9 1 4 ) .  
T h i s  p r e d i c t i o n  was p roven  t r ue  ut i l i z i n g  s y n g e n e i c  m i ce ,  t h at i s ,  m i ce 
i n b red  to beco m e  g e net ica l l y  i d e nt i ca l . T issue  g rafts w i t h i n  an i n b red 
st ra i n s u rv i ve d ;  w h e re a s ,  g rafts b etwe e n  two d i f f e r e n t  st ra i n s  d id n ot 
s u rv i v e .  T h i s  d e m o n strated  a v i ta l  g e net i c  cont ro l  o f  g raft rej e ct i o n  o r  
s u rv iva l  ( L i tt l e ,  1 94 1 ) .  
G o r e r  d e m o n strated t h at g e n e t i c  con t ro l  o f  g raft  s u rv iva l  has an 
i m m u n o l o g i ca l  b a s i s  and t h at t i s s u e s  c o n t a i n g e n et i c a l l y  d et e r m i n e d  
markers (Gorer ,  1 937) . I n  other  wo rds , t issues f r o m  a g iven  i nd iv idual 
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e x press m arkers t hat m ay b e  reco g n i ze d  as fore i gn  by another  i n d iv idua l  o f  
the sam e species. Th ese a l l oant igens ( prese nt o n  the g rafted t issue but  
abse nt i n  the rec ip ient)  are capable o f  e l ic i t i ng an  i m m u ne response and 
m ay d est r oy  g raft e d  t issu e ( G o r e r ,  1 9 3 8 ) .  Th ese o bse rvat i o n s  w e r e  
con f i rmed b y  Me dawar usi ng  rabbit  ski n a l l og rafts ( M edawar ,  1 944) . 
M u l t i p l y-t r a n sf u s e d  p at i e n t s  a n d  m u l t i p a r o u s  f e m a l e s  w e r e  
o bserved t o  possess ant i bod i es capab le  o f  ag g l u t i n at i n g  l e u ko cytes. It 
was f i rst p roposed ( M edawar ,  1 9 5 8 ) , and  su bsequ e nt l y  shown (Gotze,  
1 9 7 7 ) , t h at H LA i n c o m pat i b i l i t y  is  the p r i n c i p l e  b a r r i e r  t o  s u ccessf u l  
a l l og raft i n g .  Both  M H C c l ass I a n d  I I  an t igens are si g n i f i cant  ce l l su rface 
p rot e i ns .  T h e y  are t h e  su r face ant i g e ns t h at e n a b l e  an i n d i v i d u a l  to 
reco g n ize a ce l l as se l f ,  w h i l e  recog n i z i n g  fore i g n  ce l ls  as non sel f .  When  
fo re i g n  M H C c l ass II ant i ge ns a re  recogn ized as fo re i g n  by host ce l ls,  the 
g r af t  w i l l  be  reje cte d .  
T h e  t r a n s p l a n t e d  t i ss u e  t y p e  h e l p s d e t e r m i n e  a l l o g r a f t  
t r a n s p l a n t at i o n  s u c c ess r a t e  ( C ain e ,  1 9 7 3 ) .  T h e  m o st f r e q u e n t l y  
successfu l  o rgan  t ransp lan ts i n  d e creasi n g  o rde r  o f  success are l i ve r ,  
k idney ,  h eart ,  islets of Langerhans (pancreas) , skin and  bone  m arrow. 
T h e  f i rst successfu l  rena l  t ransp lantat i o n  was perf o r m e d  in 1 9 54 at 
t h e  P e t e r B r e n t  B r i g h am H osp i ta l .  R e n a l  t ra n s p l a n t  is  c u r r e n t l y  an 
accepted therapy fo r  e n d -stag e re na l  fa i l u re ( French and Batche lo r ,  1 969}. 
S u rv iva l  rate of rena l  t ransplants betwee n  H LA i den t i ca l  si b l i n gs is about 
85% afte r f i ve  years. There is a 1 0- 1 5% survival  red uct i on  f o r  each donor  
and  host i n com pat ib i l ity ( Kissm eyer ,  1 9 74) . 
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The f i rst h u m an l i ve r  t ransp lan tat i o n  was pe rfo r m e d  i n  1 96 3 .  L ive r  
t r a n s p l a n t at i o n  h a s l i m i t e d  a p p l i c at i o n  f o r  e n d - s t a g e  l i v e r  d i s e a s e  
t reat m e nt b u t  m ay b e  a l i fe-sav i n g  procedure .  L ive r  m atch i n g  i s  based  o n  
l i v e r  s i z e  and  AB O com patab i l i ty .  H LA m atch i n g  i s  n o t  perfo rmed .  There 
h a v e  b e e n  f e w  r e p o r t e d  h y p e r a c u t e  r e j e c t i o n s  d u e  to H L A 
i n c o m p a t a b i l i t i e s ,  b u t  t h e  b as i s  o f  r e s i s t a n c e  t o  l i v e r  re j e c t i o n  i s  
u nknown ( Starzl , Koe p ,  H alg r im son , Hood ,  C h rote r ,  Porter ,  & W e i l ,  1 978) .  
There  i s  a 7 0-7 5 %  s u rv iva l  rate  beyond one year  ( Starz l ,  K o e p ,  We i l ,  
Ha lg ri m so n ,  & Franks, 1 979) .  
The f i rst s u ccessf u l  h u m an h e art t ransp l antat i o n  was pe rf o r m e d  in  
1 96 7  by  Barnard .  C u r rent l y ,  t he  i n d i cat i o n  for  card iac  t ransp lantat i o n  i s  
e n d-s t a g e c a r d i a c  i m p a i r m e n t d u e  t o  c o r o n a r y  a r t e r y d i s e a s e ,  
card i o m y o p at h y ,  r h e u m at i c  h e art d isease ,  con g e n i ta l  h e art d i se ase , o r  
b e n i g n  c a r d i a c  t u m o r s  ( G r i e p ,  1 9 7 9 ) .  P r e t r a n s p l a n t  i m m u n o l o g i c  
eva luat i o n  con s i sts o f  A B O b lood  typ i n g ,  H LA typ i n g ,  and  scre e n i n g  fo r  
p r e f o r m e d  a n t i - H LA  a n t i b o d i e s . U n l i ke  k i d n e y  t r an s p l a n t at i o n ,  t h e  
o pportun i ty  t o  choose from seve ral card iac donors i s  rare.  
To be  acce pt ab le  for h e art t rans p l antat i o n ,  o n l y  H LA crossm atch 
negat ive rec ip ients are chosen .  Donors bear i ng  s pec i f ic  H LA ant igens to 
cor res p o n d i n g  rec i p i e n t  ant i b o d ie s  are avo i d e d .  Rej ect i o n  i s  m i n i m ized 
w i th  adm i n i st rat i o n  o f  cort i cost e r o i d s ,  cy c lospo r i n e ,  and  ant i l y m p h o cyte 
g l o b u l i n .  G raft s u rv iva l  after  one year  i s  g reater than 60% ( J a m i e s o n ,  
Stinson ,  & Shu mway, 1 979) .  
T h e  f i rst successf u l  pan creas transp lantat ion  occurred i n  1 966  
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( L i l l e h e r ,  S i m m o n s ,  N aj ar i an , We il ,  U c h i da ,  R u i z ,  K i l l st ran d ,  & G o etz ,  
1 970) .  Pancreat i c  transp l ants are not  a l i fe sav i n g  proce du re but  are a 
l i f e  e n h a n c i n g  p ro c e d u r e .  P a n c r e a s  t r a n s p l a n t at i o n  m a y c o r r e ct 
carbohyd rate m etabo l i s m  abnorm al i t i es ( L e e ,  M a u e r ,  B row n ,  Su the r lan d ,  
M ichae l ,  & N aj ar ian , 1 974) .  Both A B O  a n d  H LA com patab i l i ty are necessary 
f o r  a s u ccessful t ransp lan t .  The present  s u ccessfu l  g raft su rv iva l  rate for  
one  year  i s  40% and the  pat ien t  su rv iva l  rate i s  70% ( Suther land & Kendal l ,  
1 985) . 
E.Qne. Marrow Transplantation 
B o n e  m a r r o w  t ra n s p l an t at i o n  i s  t r e at m e n t  f o r  s o m e  a d v a n c e d  
l e u ke m i a 's ,  ap last ic  an e m i a , severe com bi n ed i m m u n ode f i c i ency d i sease 
( S C I D ) a n d  a w i d e  r a n g e  of o t h e r  m a l i g n a n t  a n d  n o n - m al i g n a n t 
hem ato log ical d iseases (Thomas,  1 975) . 
ABO an d  H LA com pati b i l i ty i s  des i red .  ABO i ncom pati b i l i ty  does not 
i n t e r f e r e  w i t h  s u ccess f u l  e n g raft m e n t  o f  stem ce l l s  but i n c reases  t h e  
l i ke l i n e s s  o f  a h e m o l yt i c  r e ac t i o n .  M a r r o w  t r a n s p l a n t at i o n  c a n  be  
success fu l  w h en  A BO i ncom patab i l i ty ex ists i f  p l asma  exchange  is  ad ded 
to prevent  h e m o l ys i s  ( Buckner ,  C l i f t ,  Sanders ,  W i l l i a m s ,  G ray , Sto rb ,  & 
Tho m as ,  1 978) .  
B o n e  m arrow t ransp l antat i o n  i nvo lves  the  t ransfer  o f  m u l t i po ten t ia l  
h e m at o p o i et i c  s tem ce l l s  t o  an  i r rad i ated  and  c h e m i ca l l y - t reated  host 
bone  m a rrow (Th o m as ,  1 975 ) .  The t ransp lanted bone m ar row conta ins  
f u l l y d i f fe rent i ated  donor  ce l l s ,  wh i ch , w h e n  i n f u sed to t h e  rec i p i e n t  bone  
marrow,  repopu late the  m arrow.  
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I f  g e n e t i c  d i f fe rences are detected  b y  d o n o r  ce l ls ,  a g raft- v e rsus­
h ost d i sease ( G V H D )  may  f o l l ow .  Rec ip i en t  stem ce l ls ,  ski n ep i th e l i a l 
c e l ls ,  m u cous  m e m branes, gast ro i ntest i na l t ract and  l i v e r  are spec i a l l y  
susce pti b l e  to G V H D .  T h e  severity o f  G V H D  corre lates to the degree o f  
a l l oant i g e n i c  d i ffe rence between donor  a n d  rec ip i en t .  De ath m ay resu lt  
f r o m  m a r r o w  a p l as i a ,  l i v e r  f a i l u r e ,  m a ss i v e  e n t e r i t i s ,  p r o g r e ss i v e  
i m m u nodef ic iency or  secondary i n fect ion (H anse n ,  Woodruf ,  & Good,  1 98 1 ) .  
There i s  a t h re e-step reg i m e n  to prevent G V H D .  The pat i ent  f i rst 
r e c e i v e s  c h e m ot h e rapy  a n d  tota l - bo d y  i r rad i at i o n  to  dest r o y  d i se ased 
t issue and establ ish i m m u n osuppress ion  (Th o m as, 1 975;  Sto rb ,  Thomas, 
B u c h n e r ,  A p p e l b au m ,  C l i f t ,  D e i g ,  D o n e y ,  H a n se n ,  P r e n t i c e ,  S a n d e rs ,  
Stewart , S u l l i v an , & Withe rspoo n ,  1 984; Thomas,  1 98 3 ) . Seco n d l y ,  t he  
donor  an d  rec i p i e nt are m atched  f o r  A B O  and H LA ant i g e ns .  F i n a l l y ,  
i m m u n osu ppressio n  is  cont i n u ed post-tra nsplantat i on;  a n d  t h e  pat ien t  is 
ca r e f u l l y  m o n i t o r e d  f o r  i n f e ct i o n  u n t i l  m at u re d o n o r  n e u t r o p h i l s  a n d  
l ymphocytes are e x ported f rom t h e  bone m arrow (Kay ,  Powles, S loane ,  & 
Farth i n g ,  1 980) . 
T h e  i d e al t ransp l antat i on  is between i d e n t i cal  tw ins ,  to e l i m i n ate 
the r isk o f  a l l o i m m u n e  me d iated reject i o n  o r  G V H D  (Th o m as,  et . al. ,  1 97 1  ) .  
I d e n t i ca l  tw ins  are u n com m o n ;  t h e  n ext best d o n o r  c h o i c e  i s  a n  H L A­
ident ica l  si b l i n g  ( Parkman , Rose n ,  Rappaport,  Cam itta ,  Lev i g ,  & Nathan ,  
1 97 6 ;  M ickelso n ,  C l ift ,  Fefe r ,  Storb ,  Thomas, Warren ,  & Hanse n ,  1 98 1 ) .  
It is m ost desirable to have donor  and  re c ip ient  i dent i ca l ,  but there 
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h ave been  s u ccessfu l  t ransp lants between part i a l l y -matched fam i l y  d o n o r  
and  rec i p i e n t  bone  m arrow. De layed e n g raftmen t ,  com p l ete rej ect ion o r  
G V H D  o c c u r s  e a r l i e r  a n d  w i t h  g re ate r  f r e q u e n cy i n  pa r t i a l l y - m atch ed 
fam i l y  t r an s p l ants , but  t h e re i s  no s i g n i f i cant  r e d u ct i o n  i n  s u rv i va l  rates 
(C l i f t ,  H a n s e n ,  and Th o m as ,  1 97 8 ;  Dupont ,  O'Re i l l y ,  Po l l ack, and  Good ,  
1 9 8 0 ;  B e atty , C l i f t ,  M i cke l s o n , N i s p e r o s ,  F l o u r n o y ,  M a rt i n , S a n d e r s ,  
Stewart , Buckner ,  Storb, Th omas, & Hanse n . 1 985) . 
M ost  pa t i en ts  ( 6 0 %) l ack both  an i d e nt i ca l  s i b l i n g  a n d  part i a l l y ­
re lated  d o n o r .  These pat i ents are tran sp l anted wi th  u n r e l ated ,  H LA don ors 
(Hansen ,  C l i f t ,  Th omas ,  Buckner ,  Storb, & Gi l bert 1 980) . These don ors do 
not h ave ident ica l  loci w i th in  the H LA gene  reg ion on  chro mosome 6. They 
m ay h av e  m i n o r  h i s t o i n c o m p atab i l i t i e s  o u ts i d e  t h e  H L A r e g i o n .  T h e  
n u m b e r  o f  t r an s p l antat i o n s  w i t h  u n r e l ated  d o n ors  i s  t o o  few to a l l ow 
conc lus ions  regard i ng  t he i r  success rate . 
Success fu l  bone  m arrow t ransp l antati o n  var ies g reat l y  and  depends 
on  m an y  var iab les .  An ima l  exper im ents have c lear ly  demonstrated the  M H C  
to be the  m aj o r  factor caus i ng g raft rej ect i on  a n d  G V H D  ( E i chwa ld ,  Hart & 
E ichwald ,  1 96 9 ;  K l e i n  & Park, 1 9 73 ; Hood ,  Ste i n m otz & Mal i sso n ,  1 9 83) . 
Fata l  G V H D  can  b e  av o i d e d  i n  m i c e ,  i f  d o n o r  a n d  re c i p i e nt a re  H -2 
com pat ib le  ( the equ ivalent of h u m an M H C  com pati b le ) . The H -2 com p lex  
c o n t a i n s  a s u b r e g i o n ,  the  I r e g i o n ,  w h e r e the  i m m u n e  r e s p o n s e is  
regu lated .  The I reg i o n  p roduces "se l f" o r  I a  ant i gens .  These I a  ant i gens ,  
s i m i lar  to  h u m an M H C c lass I I  ant i gens ,  were  shown to govern  l ymphocyte 
i nte racti o n s .  Success fu l  g rafts fo l l ow ing  Ia m atch i ng  resu l ted in reduced 
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G V H D  i n  m ice (Rodey , 1 974) .  G V H D  sti l l  occurs,  despite H -2 m atch i ng and 
m ay be att r i b u t a b l e  to  n o n - M H C  or m i n o r  h i st o c o m pata b i l i t y  an t i g e n s  
(Cantre l l  & H eldmann ,  1 972) .  
I m munological Tolerance .an.Q Ch i merism 
L o n g  te rm s u rv iva l  of t ransp lanted  t i ssue  req u i res  e n g rafted  t i ssue  
to be accepted as n o n i m m u nogen ic .  Th is  i s  especia l l y  t r ue  of bone m arrow 
t ran s p l antat i o n .  Th u s ,  a per fect m atch w o u l d  a l l o w  each  ce l l  ty pe to 
t o l e rate the oth e r  fo re i gn  ce l l  type .  Th is  state of  non respo ns iveness  to 
f o re i g n  t i s s u e  is te rmed  to l erance . To l e rance m ay be i n duced  in both 
c e l l u l a r  and h u m ora l  i m m u n e  syste m s  and m ay be congen i ta l  o r  can be 
i n duced  t h r o u g h  a var iety of  i m m u n os u p p ress ive t reatm ents ( D resser  & 
M itch inson , 1 968; H u m phrey ,  1 976 ) .  
T o l e ran ce  was  f i rst reco g n i zed  by  E r l i ch  wh i l e  work i ng  w i th  s e l f  
an t i g e n s .  I t  was  l e a r n e d  t h at t o l e ra n c e  to  n o n - s e l f  an t i g e n s  can  b e  
i nduced  i n  a n i m als  ( Danforth  & Foste r ,  1 929}. A majo r  breakthro u g h  i n  
u n d e r s t a n d i n g  t o l e ra n c e  m e c h a n i s m s  o c c u r r e d  i n  1 94 5 .  N o r m a l l y ,  
n o nt o l e ran t  g rafts b etwe e n  n o n - i d e nt i cal  catt l e w o u l d  b e  rej ect e d ,  but  
n o nt o l e ra n t  catt l e  b e c a m e t o l e ran t  to  each o t h e r  i f  t h e y  e x c h a n g e d  
e m b ry o n i c  b l o o d  f o l l o w i n g  p lacental  f us i o n .  These n o n - i de n t i ca l  catt l e  
h arbored  t wo  d i ffe rent  ce l l  ty pes ,  ye t  were to l erant  o f  bot h .  
T h i s  p h e n o m e n o n ,  i n  w h i c h  two g e n et i cal l y  d i f fe rent  t i s s u e  types  
co- inhab i t  t h e  same h o st i s  ca l l ed  stab le  c h i m e r i sm ( B i l l i n g h a m ,  Brent  & 
M edawar ,  1 9 5 6 ) .  The rec i p i e nt to le rated the  donor  ce l l s ,  desp i te ge net ic  
d i f ferences that wou ld normal ly  cause an i m m une react i on .  
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Lack  o f  t o l e rance  betwe e n  c h i m e r i c  c e l l s  m ay r e s u l t i n  c h ro n i c  
G V H D  i n  b o n e  m arrow t ransp l antat ion  pat ients .  C h i m er i sm detect i o n ,  i s  
t he refore  a n  i m portant procedure .  H LA typ ing  i s  a method u sed  t o  m o n itor 
t h e  c h i m e r i c  s tat u s  o f  b o n e  m a r ro w t r a n s p l a n t at i o n  pat i e n ts  ( B l az e r ,  
S o d e rli n g ,  & Val l e ra . 1 9 8 6 ) . Pat i e nts e x h i b i t i n g  ch i m e r i s m  ha rbo r  both 
m aj o r  and  m i n o r  co m pon ent D NA.  The m ajo r  co m ponent D NA is  der ived 
f rom the  don o r  cel l s  w h i c h  have re popu lated the bone m arrow. The m inor  
co m po n e n t  DNA re m a i n s  as s u rv i v i n g  h o st D N A .  S i m p l e  H LA ty p i n g  
tech n iq u es are s u ff i c i e nt t o  ide nt i fy m aj o r  co m po n e nt H LA types but  m ay 
be  i n adequat e  t o  d etect ve ry s m a l l  q u ant i t ies  of s pec i f i c  m i n o r com pon ent  
D NA (C h al m ers ,  Spro u l ,  M i l ls ,  G ibso n ,  and burnett , 1 99 0 ) .  Th e po lymerase 
chain react ion  may ove rcom e  th is  o bstacle .  
Polymerase .Qb.ain Reaction 
The po lym erase cha in  reacti on  tech n i q u e  was deve loped by M u l l is i n  
1 9 8 3  ( M u l l i s ,  Fa l o o n a ,  Schar f ,  S a i k i ,  H o r n , & Er l i c h , 1 9 8 6 ) .  I t  i s  a 
p ro c e d u r e  t o  am p l i f y ,  i n  t h e  test  t u b e ,  a s p e c i f i c  g e n e  s e q u e nce  i n to 
m i l l i o n s  o f  co p i e s .  The react i on  as f i rst de scr i bed ,  was cata lyzed by  the 
a d d i t i o n  o f  the K l e n o w  f rag m e nt  of  Escherich ia QQlL D N A  po lymerase I 
e n z y m e .  T h i s  e n z y m e  h a d  a n  o p t i m u m  act i v i t y  at 3 7°C .  The  l ow  
t e m p e r at u r e  f o r  m a x i m u m  e n z y m e  act i v i t y  l i m i t e d  t h i s  e n z y m e's use , 
s ince  the h i g he r  tem pe ratures necess ary to separate doub le  stranded DNA 
into s i n g l e  stranded DNA i n activated the enzym e .  Th is  m ade it n ecessary 
to add f resh  e n zy m e  d u r i n g  every cyc le  of  t h e  react i o n  ( Sai k i ,  Schar f ,  
Faloona,  M u l l i s ,  Horn , Er l i ch ,  & Arn h e i m ,  1 9 85) . 
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The in t roduct ion  of  a therm ostable DNA po lym erase enzyme removed 
the n e e d  t o  add  e n z y m e  at each cyc l e .  The  t h e r m ost ab le  e n z y m e  i s  
produced b y  t h e  bacte r i u m  Th ermus aqu at icus and the enzyme i s  known as 
Taq po lym erase (Sa ik i ,  Ge l fan d ,  Stoffe l ,  Scharf ,  H i g u c h i ,  H o r n ,  M u l l i s ,  & 
Er l ich , 1 98 8 ) .  
T h e  p o l ym e rase c h a i n  react i o n  h as b e e n  u t i l i z e d  to  i n crease t h e  
d e t e ct i o n  se n s i t i v i t y  f o r  c h i m e r i s m  f o l l o w i n g  a l l o g e n e i c  b o n e  m a r row 
trans p l antat i on . Male ce l ls  were detected among fe m a l e  ce l l s  f o l l ow i n g  a 
fema le  bone  m arrow donat ion  to he r  broth e r .  S o m e  m ale  ce l l s  s u rv ived the 
pretrans p l antat i o n  e rad i cat i o n  t reat m e nt and were detected by a m p l i f y i ng  
a port ion of the Y chromosome .  The  Y chromosome is  no t  found  i n  females ,  
s o  o n l y  t h e  m a l e  D N A  was am p l i f i e d  ( L a w l e r ,  M c C a n n ,  C o n n e a l l y ,  & 
H u m phr ies ,  1 989) . 
P C R can  be u s e d  to  d i s t i n g u i s h  betw e e n  g e n e t i c a l l y  d i f f e r e n t  
t i s s u e s  ( J e f f r e y s ,  W i l s o n ,  N e u m a n n , & K e y t e ,  1 9 8 8 ) . T h e  t e c h n i q u e  
a m p l i f i e s  h y p e rv a r i a b l e  r e g i o n s  o f  D N A .  T h e  h y p e rv a r i a b l e  re g i o n s  
exam i n e d  t h u s  f a r  i n c l u d e  t h e  fo l l ow ing :  repeat i ng  n u c leot ide  seque nces 
known as var iab le  n u m be r  of  tan dem repeats (V NTR) , port i o n s  of  the Y 
chromosome,  and H LA-DQ alpha segments. 
VNTR is a n uc leot ide base sequence with i n  the DNA that is  repeated 
m a n y  t i m e s ( J e f f r e y s ,  W i l s o n  & Th e i n ,  1 9 8 5 ) . E a c h  i n d i v i d u a l  i s  
d ist i n g u ished  b y  the n u m ber  o f  repeat ing  sequences .  The n u m ber  o f  repeats 
dete r m i n es t h e  s ize  of the am p l i f i ed  VNTR, and the s i ze  dete rm i nes the 
m i g rat ion  d i stance on  ge l  e lectrophores is .  Thus a d i fference i n  m i g rat i on  
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d istance betwee n  two samp les  of amp l i f i ed  V NTR may d ist i n g u i sh  between 
two g e n e t i c a l l y  d i f fe ren t  i n d i v i d ua ls  . 
.Igg Polymerase 
Strai n YT1 of Thermus aquati cus is  a the rm o p h i l i c  m i cro o rg an i sm  
capable o f  g rowth betwe en 70° and  75°C .  I t  was i so lated  f rom a hot  spr i ng  
i n  Ye l l owsto n e  N at i o nal Park 22 years ago ( B rock & Freez e ,  1 9 6 9 ) .  I ts 
t h e r m o ph i l i c  charact e r is t ics  perm i t  i ts  D N A  p o l y m e rase a re l at ive ly  h i g h  
o p t i m u m  e n z y m e  a c t i v i t y  t e m p e r at u r e .  T h e  s u b s t i t u t i o n  o f  t h i s  
t h e r m o s t a b l e  D N A  p o l y m e rase  e n z y m e  f o r  t h e  Escherich ia Q.Q.!l DNA 
p o l y m e rase I l e d  to ex tens ive  PCR use  in m o l e c u l a r  b i o l o g y  research 
(Sa iki , Ge lfan d ,  Stoffe l , Scharf ,  H i g u ch i ,  Horn ,  M u l l is & Er l i ch , 1 988) . 
Streptav idin -Bi o t i n  Detection System 
Th e PCR te chn ique provides ampl i f ied DNA f rag ments .  Detect ion  and 
d i f fe ren t iat i o n  o f  t h ese  a m p l i f i ed  p roducts is com p l e x .  B i o l o g i c  p roducts ,  
i n c l u d i n g  a m p l i f i e d  D N A  m o l e c u l e s ,  m a y b e  p r e s e n t  in  v e ry s m a l l  
q u an t i t i e s .  L o w  c o n c e n t rat i o n s  p r e s e n t  u n i q u e  de t e ct i o n  a n d  assay 
p r o b l e m s .  A d d i t i o n a l  d e t e ct i o n  l a b e l s  may be n e c e s s a r y  to  e n h a n c e  
detecti o n .  F l uorescent , radioactive , a n d  enzy m e  m o l ecu les  are exam ples 
of  common labels .  These l abels are bound to a probe such as an ant ibody or  
a co m p l i m e n tary DNA st ra n d .  The  spec i f i c i ty  of  t h e  detect i o n  system 
depends  on  t h e  speci f i c  probe ,  but  the  spec i f i c  test  v isua l i zat i o n  depends 
on the label . 
Detect i o n  s e n s i t iv ity var ies  w i th  the  cho ice  of l a b e l s .  There are 
two m ethods for  labe l  test i n g .  The f i rst i s  a d i rect method .  The second  is  
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an i nd i rect method.  
A v i d i n-b i o t i n  a n d  s t r e p t av i d i n - b i o t i n  t e c h n o l o g y  is  a n  i n d i r ec t  
t e c h n i q u e  t o  e n h a n c e  l a be l i n g  p r o p e rt i e s  w i t h o u t  i n te r fe r i n g  w i t h  t he  
bas i c  react i o n .  The two  mo lecu les ,  streptav i d i n  and bi ot in  have bi nd i ng  
a f f i n i t i e s  fo r  e ac h  o t h e r . Th i s  af f i n i ty  fac i l i t a tes  the  f o r m at i o n  o f  a 
br idge between two des i red l ocati ons  (Gree n ,  1 975 ) .  
B i o t i n  i s  a wat e r  s o l u b l e  v i tam i n  t hat i s  eas i l y  coup led  to prote i n s ,  
D N A  a n d  oth e r  o rgan ic  m o lecu les .  Mo le cu les bound to b io t in  are cal led  
b i ot i ny lated .  The m o l ecu la r  we ight  is  on ly  244 dalto ns ( G reen , 1 975) . The 
s m a l l  s i z e  a l l o w s  b i o t i n  to be co n j u g at e d  to m a n y  s i t e s  w i t h o u t  
i n t e rf e r i n g  w i th  t h e  act iv i ty o f  t h e  l a rg e r  m o l e c u l e  ( Baye r, S k u t e l s h y  & 
Wi lchek, 1 990 ) . 
The Amp l iType system used to detect s peci f ic  DQ a lpha genes ( D NA) 
u t i l izes b i ot i n ,  cova len t l y  bonded to an amp l i f i ed  segm ent  of  t he  DO a lpha 
g e n e .  The attached  b i ot i n  does  n ot i n t e r f e re w i th  t h e  act i v i ty  o f  the 
am p l if i ed  segm ent  (Cetus  Corporat i o n ,  1 9 90) . 
Av i d i n  i s  a g l y c o p rote i n  a n t i b i ot i c- l i ke fact o r  f o u n d  i n  t h e  wh i tes of  
so m e  avian eggs .  The mo l ecu lar  we ight i s  6 8 , 000 dalto ns  (Koge l  & Ten n i s , 
1 9 3 6 ) .  Av i d i n  has an ex t reme ly  st rong  b i n d i n g  af f i n ity fo r  b i ot i n  ( G reen , 
1 9 7 5 ) .  C h a i et r e p o rt e d  av i d i n - l i k e act i v i ty i n  v a r i o u s  Streptomyces 
species. T h i s  su bstance is  known as streptav id i n  (Chaiet ,  M i l l e r ,  Tan s i g ,  & 
Wol f ,  1 96 3 ) .  
S t reptav i d i n  i s  i n d epen dent l y  c o u p l e d  t o  an e n zy m e ,  h o rse rad i s h  
perox i dase. B iot iny lated H LA-DQ alpha DNA b inds t o  specif ic base pairs of 
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a com p l i m e n ta ry D N A  p r o b e .  Stre ptav i d i n - h o rs e rad i s h  p e r o x idase  w i l l  
fo rm a b r idge  betwee n  t h e  b io t i n  o n  t h e  D NA a n d  t h e  su bstrate f o r  the 
e n z y m e ,  h o rs e ra d i s h  p e r o x i d a s e .  I f  t h e r e  i s  no b i o t i n y l at e d  D N A  
com p l e m e ntary t o  the  D N A  probe ,  there wi l l  be n o  enzyme avai l ab le  fo r  the 
s u bstrate .  The l ast step i s  to  i n t roduce the  su bstrate fo r  t h e  e n zy m e .  The 
su bstrate changes co lor  i f  the enzyme has been bound . B ind ing  on ly occurs 
i f  t h e  s t reptav i d i n  c o u p l e d  to t h e  h o rsera d i s h - p e r o x i d ase b i n d s b i ot i n .  
B i o t i n - s t r e p t av i d i n  b i n d i n g  o c c u r s  o n l y  i f  t h e r e  w a s  a n n e a l i n g  o f  
c o m p l i m e ntary D N A  stran ds . Co lo r  fo rmat ion  i n d i cates  the  enzym e acted 
o n  i t 's  s u bstrat e ;  t h u s ,  anneal i n g  occurred and amp l i f i ed  D N A  was detected 
(Cetus C orporat ion ,  1 990) . 
Restr iction Endonucleases 
Bacte r ia  conta i n  e nd o n uc l eases th at cut  dou b l e-stranded  D N A  at 
s p e c i f i c  recog n i t i o n  s i t es .  Rest r i ct i o n  e n d o n u c l e ases  are i s o l ated  f rom 
bacte r ia  and  used  as research too ls  to cu t  D NA at  spec i f i c  n u c leot ide  s i tes 
( Man iat is ,  Fr itsch & Sambrook, 1 9 82 ) .  
Polyacrylamide� 
G e l  e l ect r o p h o r e s i s  th roug h p o l yacry l a m i d e  g e l ,  i s  a m et h o d  fo r  
reso lv ing  m i xt u res of D NA molecu les  ( Peacock & D i n g m a n ,  1 968) . DNA is  
p laced o n  the  po lyacry lam ine  ge l  and i s  caused to m i g rate through the  g e l .  
A t  a n eutral  pH ,  DNA is  negat ive ly  charged  a n d  m i g rates f rom t h e  negat ive 
cat h o d e  to t h e  po s i t i ve  a n o d e  of  an  e l ectr o p h o r e s i s  i n st ru m en t .  The 
m o b i l i ty i s  depen dent o n  frag ment  s ize .  Sma l l e r  D N A  f rag m ents m i g rate 
faster  than larger ones .  Po lyacry lamide ge ls  can be used for se paratio n of 
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D N A  fragm ents between 6 base pairs (20% pol yacry lam ide )  and 1 000 base 
pai rs (3% po lyacrylam ide)  (Sea ly  & Southern ,  1 982) .  
T h e  p o l y a c r y l a m i d e  g e l  r e s u l t s  f r o m  t h e  p o l y m e r i z at i o n  o f  
acry l a m ide  m o n o me rs  i nto l i near  chai n s  and  t h e  l i n k i n g  o f  t h ese  cha ins  
w i th  N , N ' - met h ylen e b i sacry l a m i d e  (b is ) .  The conce ntrat i on  of  acry l a m i d e  
to b i s  determ i n e s  t h e  p o re s i ze  o f  t he  res u l t i ng  ge l  and  h ence i t s  s iev ing  
effect o n  D NA of  d i fferent s izes (Man iat is ,  Jef fery & Van de Sande ,  1 975) .  
A g rad iant polyacry lam i de ge l  i s  one i n  wh ich  t h e  concentrat i o n  of 
po lyacry lam ide  var ies t h roughout the ge l  ( Sealy & Southe r n ,  1 982) .  One of 
the N O V E X  po lyacry lam ide  gels i s  of th is type.  I t  h as a concentration o f  
po lyacrylam ide  that varies from 4% to 20% ( NOVEX Corporatio n ,  1 990) . 
CHAPTER Ill 
Materials and Methods 
Evaluation Specimens 
Test k i t  e v a l u at i o n  a n d  su p p l e m e n t a l  k i t  a n a l ys is  u t i l i z e d  D N A  
s p e c i m e n s  f ro m  t h r e e  p at i e n ts o f  k n o w n  H LA - D O  a l p h a  t ypes .  The  
speci m e ns were  o btai ned  f rom pat i en ts prev io usly tested f o r  t h e i r  H LA- DR 
( D R)  t y p e  u s i n g  r e st r i ct i o n  f r a g m e n t l e n g t h  po l y m o r p h i s m  ( R F L P )  
m ethodo logy .  The DR type correlates with the H LA-DO ( DO) type . Th us ,  by 
know i ng the DR type,  the DO type is known (Sa ik i ,  et. al . ,  1 98 6 ) .  The DR 
typ i n g  was perfo rmed in D r .  George Mox ley 's labo ratory i n  the De partment  
o f  M e d i c i n e ,  D i v isi o n  o f  Rhe u m ato logy , A l l e rgy ,  and  I m m u n o logy  at  the 
Medical  Co l lege of V i rg i n ia ,  Rich m o nd ,  V i rg i n ia .  
Each D NA specimen  was homozygous for a si ng le  DO a lpha type. The 
th ree known pat ient  DO a lpha types were 1 . 1 ,  1 .2 ,  and 3 . 0 .  These three 
representative types were chosen because of their  base sequences. 
The 1 . 1 DO alpha type and the 1 .2 DO alpha type d i f fer  f rom each 
other  by on l y  o n e  nuc leot ide base . The 1 . 1 DO a lpha type d i f fers f rom the 
3 .0  DO alpha type by 1 5  nucleotide bases and the 1 .2 DO alpha type d i ffers 
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by 1 6  n ucleot ide bases .  The n ucleot ide base sequences are shown i n  F igure 
1 . 
DNA E xtraction 
Te n m il l i l i ters  ( m l) of w h o l e  b lood  were co l l ected i n  E D TA tubes .  
To i so late the  wh i te  b lood  ce l l s  (WBCs ) ,  1 0  ml  of who le  b lood  were m i xed 
gent l y  w i th  4 0  m l  o f  red b lood cel l  ( R BC)  l ys i ng  so l u t i on  fo r  one m in ute . 
The l ys i ng  so l u ti o n  cons isted of a m i xture of 0 . 32 M sucros e ,  0 . 0 1  M Tris 
at p H  7 . 5 ,  0 . 005  M M g C I2 , and 1 %  Tr i ton  X - 1  0 0 .  The s p e c i m e n  was 
cent ri f u g ed  fo r  40  m i n u tes at 2750 revo l u t i o n s  per  m i n ute ( R PM ) .  The 
supernatant was d iscard ed; the W BC button was resuspended with 5 ml of 
RBC l ys i ng  s o l ut i o n .  This was rece ntr i fuged for  1 0  m i n utes at 2750 R P M  
fo l lowed b y  decant ing  t h e  supernate .  The W B C  button was i ncu bated for 
20 m i n u t e s  i n  a s o l u t i o n  of 40 fl l of m e rcapto e t h a n o l  a n d  5 m l  o f  
g u a n i d i n e  i s o t h i o c y a n at e .  F i v e  m l  o f  i s o p ro p a n o l  w e r e a d d e d  to  
prec ip itate the D NA f ro m the d issolved WBC button . The  DNA was washed 
with 1 0  m l  o f  70% ethano l  and rece ntr i f uged for  1 0  m i n utes at 2750 R P M .  
The s u pernate was decanted; the DNA resuspended in  0 . 4  m l  o f  TE ( 1  0 m M  
Tris with 1 m M  E DTA, p H  o f  8 .0) . 
The concentrat i on  o f  DNA  i n  flg/ml was determ i n e d  w i th  a H oefer  
S c i e n t i f i c  I n st r u m e n t s  D N A  F l u o r o m et e r  e m p l o y i n g  the  H o e c h st dye 
tech n ique .  Specim e ns were stored at  40C. 
00 A!.Qb..a I.e..s..t.lill. Am pi i f  i cation Reagents 
PCR amp l i f icat ion reagents consisted of 1 . 6 m l  of 8 m M  MgC I2 i n  
,.... 
N 
1 . 1 DO Alpha 
TIT GAT GGA GAT GAG GAG TIC TAG GTG GAG CTG GAG AGG AAG GAG ACT GCC TGG CGG TGG CCT GAG TIC AGC AAA TIT GGA GGT TIT GAC CCG GAG GG 
1 .2 DO Alpha 
TIT�����������������������AAATIT��TIT���OO 
3 .0  DO Alpha 
TIT�����������������������9m�ATIT���ll 
F I G U R E  1 .  Nucleot ide base sequences of DO alpha types 1 . 1 ,  1 .2 ,  and 3 . 0 .  Nucleot ide base d ifferences of 
the 1 .2 and 3.0 types, as com pared to the 1 . 1 type ,  are underlined.  Sequences are l i sted 5 '  to 3'. 
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d i s t i l l e d  wat e r ,  5 m l  o f  m i n e ra l  o i l  a n d  1 0 0 11L o f  1 00 n g/m l h u m a n  
genomic DNA o f  known D O  alpha type. 
The kit i nc l uded  24 tubes ,  each contai n i n g  50 J.l.L of  a PCR m ixtu re . 
The m i xt u re consi sted of two H LA-DQ a lpha seque nce spec i f i c  b i ot i ny lated 
p r i m e rs ,  A m p l i taq  D N A  p o l y m e r ase , d e o x y ad e n o s i n e  5 '- t r i p h o sp h ate  
( d AT P ) , d e o x y g u a n o s i n e  5 ' - t r i p h o s p h ate  ( d G T P ) ,  d e o x y cy t i d i n e  5 ' ­
t r i p h o s p h at e  ( d C T P ) , a n d  d e o x y t h y m i d i n e  5 ' - t r i p h o s p h ate  ( d TT P ) .  A l l  
am p l i f i cat i o n  reage nts were stored at 4°C. 
QQ A!.Qb..a � !ill. Ampl i f ication Procedure 
One test t ube  was used for  each samp le  DNA o r  pos i t ive contro l .  
F i f t y  J.l. L  o f  8 m M  MgCI2 so l ut i on  were added t o  each tube  conta i n i n g  50  J.l.L 
o f  t he  PCR m i xtu re .  The m i xt u re was over layed wi th  two d ro p s  of ste r i l e  
m i n e ral  o i l .  One  llg o f  sam p le  DNA was  p i petted  under  the m i n e ral o i l  i n to 
the  PCR m ixture .  Two ng of the genom ic  DNA were added to the  posit ive 
contro l  t u b e .  The tubes were sea led and i nserted into the therma l  cyc ler  
for  a m pl i f i c at i o n .  The  t h e r m a l  cyc ler  was p rog ram m e d  for  3 6  cyc l e s .  
Each  cyc le  was s e t  t o  denature at 94°C f o r  1 . 5 m i nutes ,  a n n e a l  at 600C f o r  
1 m i n ut e ,  an d  extend a t  72°C for  1 m i nu te .  T h e  l ast cyc le had an add i t iona l  
exte n s i o n  t i m e  of 8 m i n utes . 
Af ter  a m p l i f i cat i o n , t h e  react i o n  m i x tu re  u n d e r l y i n g  t h e  m i n e ra l  o i l  
was rem oved and p laced i n  a f resh capi l lary tube .  T h e  tube was capped, 
labeled,  and stored at 40C . Amp l i f i cati o n  products were later detected 
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with  g e l  e l e ct rophores is  and  were typed with the  D O  a lpha  test kit  probe 
str ips o r  other  tech n iques .  
00 Al.Qb.a il.s.1 !ill_ Typi ng Reagents 
Typ i n g  reage nts c o n s i sted  of  0 . 8  m L o f  h o rse rad i sh  perox i dase­
st re ptav i d i n  c o n j u g at e ,  3 0  mg o f  3 , 3 '  , 5 , 5 ' te t ram et h y l b e n z i d i n e  (TM B)  
reconst i tu ted  w i th  1 5  ml of  95% ethan o l ,  th ree  D NA ty p i ng  trays ,  each 
wi th  e igh t  we l l s  contai n i ng  a DNA  probe str i p ,  and 24 H LA-DQ a lpha DNA 
probe  s t r ips .  Each p robe  s t r i p  conta i n e d  n i ne  se q u e n ce -spec i f i c  D N A  
probes f o r  s i x  H LA-DQ a lpha a l l e les .  These typ i ng  reagents were stored at 
40C. 
C i t rate b u ff e r  was m ade by d i sso lv i n g  1 8 . 4  g of t r i so d i u m  c i t rate 
d i hydrate ( N a3 C6 H5 0 -2H2 0) in 800 m l  of  d i st i l l ed wate r .  The pH  was 
adj us ted  to 5 . 0  by  t h e  ad d i t i o n  o f  c i t r i c ac i d  m o n o hyd rat e .  T h e  f i n a l 
v o l u m e  was adj u ste d  to  1 l i t e r  u s i n g d i st i l l e d  wat e r .  Twe n ty pe rcen t  
(w/v) sod ium dodecy l  su l fate ( S DS)  s o l ut i on  was prepared by  d isso lv i ng 
200 g o f  S D S  in  d i st i l l e d  water and  then adj u st i n g  the v o l u m e  to 1 l i te r  
w i t h  d i s t i l l e d  w at e r .  Twe n t y - X  s o d i u m  c h l o r i d e - s o d i u m  p h o s p h at e ­
eth y l en ed i am i n etetraacet ic  ac id ( S S P E) buf fer  was prepared by d i sso lv i ng 
7 .4  g of E DTA-2H2 0 in  800  m L d i st i l l e d  water  and adj ust i ng  the  pH to 6 . 0  
with 1 0  N NaOH . Two hundred ten grams o f  NaCI and 2 7 . 6  g o f  NaH2 P04-
H2 0 were added together  with 1 0  m l  of NaOH to adjust to pH 7 . 4 .  The f i na l 
v o l u m e  was adj usted  to 1 l i t e r  w i t h  d i st i l l e d  w ate r .  T h e  wash s o l u t i o n  
was prepared b y  m i x ing  2 5 0  m l  o f  t h e  2 0 X  SSPE ,  1 0  m L o f  t h e  2 0 %  SDS,  
and  adj u st i n g  w i th  d i st i l l ed  water  to 2 l i te rs .  The hyb r i d izat i on  s o l u t i o n  
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was pre pared by m ix i ng  250 ml of 20X S S P E ,  25  ml of  20% SDS,  and 
a dj u st i n g  wi th  d i s t i l l e d  wat e r  to 1 l i t e r .  A l l  s o l u t i o n s  were sto red  at 
room t em perat u re . P r io r  to u s e ,  t he  hybr i d izat i o n  and  wash s o l ut i ons  were 
warmed to 3 7°C. 
The co lo r  deve lopment  so lu t ion  was prepared w it h i n  1 0  m i n utes of 
use by  m i x i n g  1 0  ml o f  c i t rate bu f fe r ,  1 0  J.!L of 3% hydrogen perox ide ,  and 
0.5 ml of TMB, for each probe stri p to be tested.  
00 8J.Qb.a Typing 
A m p l i f i e d  D NA was h eated to 95°C fo r  5 m i nutes to denature the 
d o u b le -st randed  D N A  i nto s i n g l e -stran d s .  T h i rty - f ive  J.!L of the D NA were 
added to t h e  s a m p l e  we l l  of the ty p i n g  tray contai n i n g  a probe str i p  in a 
m i x t u r e  o f  3 m l  o f  f r e s h l y  p r e p ar e d  h y b r i d i z at i o n /e n z y m e c o n j u g ate  
s o l u t i o n .  T h e  s o l u t i o n  was p r e p a r e d  by m i x i n g  3 . 3  ml  h y b r i d i z at i o n  
s o l u t i o n  a t  3 7°C and 2 7  J.! L  h o rserad ish  perox i dase-st reptav i d i n  conj ugate 
fo r  e ach  str i p  u se d .  The tray was i n cu bated at 55°C for  20 m i nutes in a 
water  bath at 5 0  rpm after  w h i ch the  h y br i d i zat i o n  s o l u t i o n  was as p i rated 
from the s a m p l e  we l l s .  Ten m l  o f  wash s o l u t i o n  were added to each 
s a m p l e  wel l .  Th e t ray was rocked ge nt l y  f o r  3 seco nds  and  t h e  wash 
s o l u t i o n  was asp i rated from the samp le  we l l s .  Ten ml o f  wash s o l ut ion  
were added  to each samp le  we l l and  the t ray i ncu bated at  55 °C for  20  
m i n utes  i n  a wate r  b a th  a t  5 0  rpm afte r  w h i ch t h e  wash  so l u t i on  was  
aspi rated f r om the sam p le  we l l s .  An ad d i t iona l  1 0  m l  o f  wash so lu t ion  
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w e r e  a d d e d  t o  t h e  s a m p l e  w e l l s ,  a n d  t h e  t ra y  i n c u b at e d  a t  r o o m  
tem perature f o r  5 m i n utes on  a n  o rbi ta l  shaker at 50  r p m .  T h e  so l ut ion  
was aspi rated f rom t h e  sam pl e  we l ls. Ten ml o f  c i t rate buf fer  were added 
to t h e  sam p l e  we l ls; t he  t ray  was i n cu bated at  room tem peratu re for  5 
m i n utes o n  an o r b i tal shaker at 50 rpm . The c i t rate bu ffe r  was asp i rated .  
Ten ml o f  co lo r  d eve lopment  so l ut i on  were added and the  t ray  i n cu bated at 
room t em pe rat u re  fo r  6 0  m i n utes on an o rb ita l  s h aker  at 50 rpm p rotected 
from l i g h t .  Th e so l u t i o n  was asp i rate d .  Ten ml o f  d isti l l e d  water were 
added and the t ray i n cu bated at room tem peratu re  for  5 m i n utes on an 
o rb i ta l  s h a ke r at 50 rpm . The d i s t i l l e d  water was asp i rated  f rom t h e  
sam p l e  w e l ls .  T h i s  ste p  w a s  repeated  t w o  add i t i o n a l t i m es,  t h e n  the  
p robe  str i p  was teste d  for  co lo r  deve lopment .  
C o l o r  d ev e l o p m e nt t i m e  was e xt e n d e d  f rom 3 0  m i n u t e s  ( C e t u s  
reco m m e n de d )  to 6 0  m i n utes to  e n h ance sen s it i v i ty o f  detect i o n  and  to 
test s p e c i f i c i ty .  Co lo r  deve l opment  l ess i ntense t h an t h e  cont ro l  probe 
spot was i n t e rpreted  as a posi t i ve  resu l t  because con t ro l  e x p e r i m e n ts 
showed t h at t h is  react i v i ty d i d  n ot occur  i n  t he  absence of t he  i n d i cated 
DO alpha type. 
Allele-Specif ic Ampl i fication 
The  g o a l  of a l le l e -sp e c i f i c  a m p l i f i cat i o n  was to i n crease o r  a m p l i fy  
smal l  q u ant i t ies of  the spec i f ic  DO a lpha type ( the m ino r  com pon ent D N A) 
in t h e  prese n ce of  a re lat ive ly  larger  q uant ity of  another  DO a lpha  type 
( the m aj o r  com ponent  D N A ) .  Two approaches were attem pted .  The f i rst 
approach used a PC R react ion  m i xture m ade with in the laboratory.  The 
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m i n o r  com p o n e n t  D N A  was a m p l i f i e d  w i th  a l l e l e -spec i f i c  pr i m e rs.  The  
sec o n d  ap proach  used  the  C etus k i t  tu bes conta i n i n g  the  test k i t  PCR 
re act i o n  m i xt u r e  and b l o cked a l l e l e -spec i f i c  o l i g o n u c leot i des w h i ch were 
designed to prevent amp l i f icat ion  of m ajor  com pon ent D NA.  
In  the f i rst approach f o u r  a l l e l e-spe c i f i c  p r im ers were use d .  The 
a l l e l e -speci f i c  p r i m e rs had nu c leot ide sequen ces that b i nd  o r  anneal  to a 
known speci f ic  nucleot i de base sequ ence on  the DO a lpha DNA as seen i n  
F ig u re 6 .  Th is  a l lowed am p l i f icat ion  o f  a port i on  o f  the DO a lpha  gene .  
The  n u m be r  o f  b ases i n c o r p o rated i n  t h e  a m p l i f i cat i o n  p r o d u cts was 
dete r m i n e d  by  the a n n e a l i n g  site of the p r i m e rs. The n u c l eo t i de  base 
seq u e n ces of t he  p r im e rs were spec i f i ca l l y  se lected to ann eal  t h e  pr i m e rs 
at spec i f i c  l o cat ions  o n  the  D N A  w h i c h  were ch aracte r ist i c  o f  t he  t h ree DO 
a lph a  types tested .  
The 1 . 0 DO a lpha a l le l e-spec i f ic  pr i m e r  was desi gned  to am p l i fy 1 . 1 
or 1 .2 DO al pha DNA in the presence or absence of 3 .0  DO alpha DNA. 
The 1 . 1 DO a lpha a l l e l e-spec i f ic  p r imer  am p l i f i ed  1 . 1 DO a lpha DNA 
in  the presence or absence of 1 .2 DO a lpha DNA. The 1 .2 DO a lpha a l le le­
spec i f ic  p ri m e r  am p l i f ied 1 . 2 DO alpha DNA in  the presence or  absence of  
1 . 1 DO a lpha D NA.  Th us, a spec i f ic  DO a lpha DNA m ight be am p l i f ied  with 
an a l l e l e -spec i f i c  p r i m e r  ev e n  in the p rese nce o f  D NA of a d i f ferent  DO 
alpha type.  
Two p r i m e rs we re used in each a l l e l e -spec i f i c  a m p l i f i cat i o n  test 
t u b e .  O n e  p r i m e r  was t h e  a l l e l e -spec i f i c  p r i m e r  used to a m p l i fy  the  m i no r  
component  D NA ;  t he  other was a b iot iny lated p r ime r  designated RS 1 52 .  
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The R S  1 52 pr i m e r  was b iot i ny lated at the 5' e n d ,  an d its base sequence 
a l l o w e d  i t  to be u s e d  w i t h  a n y  of  t h e  f o u r  a l l e l e - s p e c i f i c  p r i m e r s  
m e n t i o n e d  a b o v e ; t h e re fo r e ,  i t  i s  n o t  a n  a l l e l e - s p e c i f i c  p r i m e r .  T h e  
b i ot i n y l at ed  p r i m e r ,  o r  R S  1 52 ,  was i d e nt ica l  t o  o n e  of  t h e  two p r im ers 
fou n d  in  the Cetus test k i t .  Th is  p r i m e r  was used w i th  each of  t he  four  
a l l e l e - s p e c i f i c  p r i m e rs m e nt i o n ed above when p e rfo rm i n g  a m p l i f i cat i o n .  
T h e  r e s u l t i n g  a m p l i f i cat i o n  p ro d ucts  we re b i o t i n y l ated  to fac i l i tate ty p i n g  
by t h e  test k i t  p robe str i ps .  
The P C R  m i xture vo l ume  was 1 00 111 .  The PCR m i xture conta ined 1 0  
11-L each , o f  an  a l l e l e -spec i f i c  pr i m e r  and  of  t he  R S  1 52 p r imer ,  1 6  m l  of 
25 mM MgCI2 2 . 5  11 1  e ac h  of  t h e  f o u r  deoxy n u c l eot ide  5 ' -t r i ph osphates ' 
(dNTPs) ,  1 0  11-l of 1 0 X Tri s -KC I  PC R buf fer ,  and 5 1!1 of a 1 : 1 0  d i l u t i o n  of  
A m pl iTaq D NA po lymerase. One 119 of maj o r  com ponent DNA and 1 :500 
d i l u t i on  (2 ng)  of  m i no r  com ponent  DNA was added to the  react ion  m i xture . 
T h e  f i n a l v o l u m e  of t h e  react i o n  m i xtu re  was adj usted  to 1 0 0 11-l w i t h  
s t e r i l e ,  d i s t i l l e d  wat e r  s to red  a t  r o o m  tem pe ratu re . T h e  m i x tu re was 
o v e r l a y e d  w i t h  t w o  d r o p s o f  s t e r i l e  m i n e r a l  o i l  s t o r e d  at  r o o m  
tem perat u r e .  The  test tube was sea led and p l aced i n  the  the rma l  cycle r  
f o r  am p l i f i c at i o n .  
T h e  t h e rm al cyc le r  was prog ra m m e d for  40  cycl es .  Each cycl e was 
set to d e n at u re at 940C for 1 . 5 m i n utes,  anneal at 440C for 1 m i nu te ,  and 
extend at  720C for  1 m i nu te .  The l ast cyc le had an add i t iona l  extens ion 
t ime of  8 m i n utes .  
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After  a m p l i f i cat i o n ,  t h e  re act i o n  m i x tu re  u n d e r l y i n g  t h e  m i n e r a l  o i l  
was rem oved a n d  p l aced i n  a fresh cap i l l ary tube .  T h e  tube was capped ,  
l abe led ,  a n d  sto red at  4°C .  A m p l i f i ca t i on  p roducts  were  detected l ate r  
with ge l  e l ect rophores is  and were  typed w i th  the DO a lpha  test k i t  probe 
st r i p s .  T h i s  p r o c e d u r e  i d e n t i f i e d  t h e  DO a l p h a  t y p e  of  t h e  a m p l i f i e d  
products a n d  thus of  the m i n  o r  com ponent DNA.  
MgCI2 , d NT Ps ,  PCR buffer  and the po lymerase were stored at  m i nus 
2 0 0C pr io r  to use .  The pr imers were stored at 4°C. 
The second approach used a b locked a l le l e-spec i f ic  o l i g o n uc leot ide 
to prevent  a m p l i f i cat i o n  of  t he  m ajo r  c o m po nent  D N A .  Four  b l ocked a l l e l e ­
spec i f i c  o l i g o n uc leo t i des ,  e ach  w i t h  t h e i r  3 '  hydroxy l  g roup  rep laced with 
a n  a m i n e  g r o u p ,  were prepared.  They were i de nt i ca l  to the  a l l e l e -spec i f ic  
pr i m e rs u sed  i n  the f i rst approach , but  had a b lock ing  a m i n e  m o lecu le  i n  
p l ace o f  t h e i r  3 '  hyd roxy l  g roup .  Th is  con f igu rat i on  does  not  pe rm i t  D NA 
p o l y m e ra s e  t o  a d d  n u c l e o t i d e s  to t h e  o l i g o n u c l e o t i d e .  A l t h o u g h  t h e  
o l i gon uc leot ide  annea ls  t o  t h e  D N A ,  there i s  no  extens ion  of  nuc leot ide s ;  
thus ,  no n e w  D NA forms. 
The b l ocked 1 . 0 DO a lpha  a l l e l e-spec i f ic  o l i g onuc leot ide  was used to 
p revent amp l i f i cati on  of 1 . 1 o r  1 . 2 DO a lpha D N A  i n  the presence of 3 . 0  DO 
a lpha DNA.  The b locked 1 . 1 DO a lpha a l le le-spec i f ic  o l i gonucleot ide was 
used to prevent amp l i f icat ion of 1 . 1 DO a lpha DNA in the presence of 1 .2 DO 
a lpha  D NA .  The b l ocked 1 . 2 DO a lpha a l le l e-speci f ic  o l i gonucleot ide was 
used to p revent amp l i f icat ion of 1 .2 DO alpha DNA in the presence of 1 . 1 DO 
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alpha DNA. 
Th i s  l atte r approach used  the  Cetus  kit test t ubes ,  conta i n i n g  the 
Cetus PCR react ion  m i xtu re .  To th i s  m i xtu re ,  was added 50 J.LL of 8 mM 
MgCI2 , 1 0  J.LL o f  a b locked a l l e l e - s p e c i f i c  o l i g o n u c l eot i d e ,  two d rops  of 
m i n e ra l  o i l ,  and 1 J.Lg of m ajo r  component DNA. Th e test tube was sealed 
and p la ced  in the t h e r m al cyc le r  for  a m p l i f i c at i o n .  The t h e r m a l  cyc le r  
was program m e d  f o r  38 cyc les .  Each  cyc le  was set  to den atu re at  94°C fo r  
1 . 5 m i n utes ,  a n neal  a t  44°C fo r  1 m i nu te ,  and exte n d  a t  72°C fo r  1 m i nute . 
The l ast cycle had an extens ion t i me  of 8 m i n utes.  
After am p l i f i c at i o n ,  t h e  react i o n  m i x tu re  u n d e r l y i n g  the m i n e r a l  o i l  
was rem oved a n d  p laced i n  a f resh cap i l l ary tube .  The t u be was capped ,  
labe led ,  and  stored at 4°C .  A m p l i f i cat i o n  p roducts were detected w i th  ge l  
e lect roph o res i s .  
A l l  a l l e l e - s p e c i f i c  p r i m e r s  a n d  b l o c k e d  a l l e l e - s p e c i f i c  
o l i g o n u c l e o t i d e s  were  p u ri f i e d  by  h i g h  p ressu re  l i q u i d  c h r o m at o g raphy  
( H  P LC )  a n d  d r i e d .  P r i o r  t o  u s e ,  t he y  were  reco n st i t u ted  w i t h  ste r i l e ,  
d i st i l l ed  wate r to a f i n a l conce n t rat i o n  o f  1 00 J.Lg/m l a n d  stored at 4°C. 
NOVEX � M i n i -Cel l E lectrophoresis I nstrument 
P C R  products were e l ectro phoresed fo r  two reaso ns .  One  was to 
ve ri fy  t h at D NA was a m pl i f i e d .  Th i s  was done  pr i o r  to probe st r ip  typ i ng  
to  e n s u re t h e  c o s t l y  s t r i p s  w e r e  o n l y  u s e d  when  a m p l i f i e d  p r o d u cts  
ex is ted .  The seco n d  reason f o r  e l e ctrophores is  was to con f i rm  rest r i ct i on  
endon ucl ease act iv ity . The  ge l  can  detect and  v isual ize bands o f  
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e lect rophoresed PC R product that had u ndergone restr ict ion endon uc lease 
actio n .  
Twe n t y  m i c r o l i t e rs  ( J.LL) of  P C R  product m i x e d  with 4 J.L L  o f  sample  
buf fer  w e re l oaded  i nto sam p le  wel l s .  Stock samp le  bu ffe r  cons isted  of  a 
m i xt u re of 6 . 0  m l  of 5X TBE ,  3 . 2  m l  of g lycero l ,  0 . 3  m l  of 1 %  bromopheno l  
b l ue ,  0 . 3  ml of 1 %  xy lene cyano l ,  and 0 .2  ml of d ist i l l ed wate r .  
The i nst r u m e n t  was f i l l e d  with 700 m l  of  r u n n i n g  bu f fe r .  Stock 
r u n n i n g  bu ffe r  cons is ted  o f  a m i xt u re of  1 0 8 g o f  Tr is  bas e ,  55 g of  bor ic  
acid ,  5 . 8  g of  E DTA, and 2 L of  d ist i l l ed  water .  
PC R p r o d u cts  w e r e  e l e ct ro p h o re s e d  at 1 2 5 c o n s t a n t  v o l t s  f o r  
appro x i m ate ly  1 h o u r .  Start i ng  cu rre nt ranged from 6 - 1 2  mA and  end i ng  
cu rrent  ranged f rom 3-6  mA .  Four  to 20% po l yacry lam ide  g rad ien t  ge l s  of  
1 . 0 mm t h i ckness  and conf ig u red wi th  1 0  samp le  wel ls  were obta i ned  f rom 
NOVEX corporat ion ,  Enci n itas, Cal i forn ia .  
A b io t i ny lated ge l  m arker ( Rese arch Genet i cs ,  H u ntsv i l l e ,  A labama) 
was i n c l u d ed wi th  e ach ge l  e l ectro phoresed .  The g e l  m arker co ntai ned 
b i ot i n y l ated  d o u b le -stranded DNA bands of  1 00 0 ,  700 ,  500 ,  400 ,  300 ,  200 ,  
1 00 ,  a n d  50  base pa i rs .  The b io t i ny lated ge l  m arke r was used to v i sua l ize 
the bands after  Southern b lot t ransfer  f rom the po lyacry l a m i d e  ge l  onto a 
ny lon membrane .  
A Southern  t ransfer  was perfo rm ed a f te r  the  g e l  was sta i n ed fo r  1 0  
m i n u t e s  i n  d i s t i l l e d  w at e r  c o n t a i n i n g  0 . 5  J.Lg / m l e t h i d i u m  b r o m i d e 
fo l l owed by a 30  m i nute d ist i l l ed  water wash to v isual ize bands us i ng  an  
u lt rav io let ( UV)  trans l u m i n ator .  Ge ls  were then photographed .  
NOVEX Southern Transfer 1..Q. .lli1Q.n Membrane 
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D N A  bands i n  the  e l ectro phoresed ge l  were t ransfered to a ny lon  
m e m brane by  a Sou the rn  b lott i ng  techn ique ,  the  Sou the rn  t ransfer .  Th is  
t ransfer  p laced DNA bands f rom the  ge l  to  the  exact locat i on  o n  the  ny lon 
membrane.  
NOVEX transfer  me m branes were pre-cut  8 .3  X 7 .3  em ; assem bled 
s a n d w i c h  s ty l e  w i t h  two p i e c e s  o f  W h at m a n  3 mm f i l t e r  p a p e r .  T h e  
m e m b ran e  w as a m i c ro p o ro u s  n y l o n  m e m bran e m o d i f i e d  w i t h  st ro n g l y  
basic charged groups. 
Transfer  bu ffe r  was a m i xtu re of  1 0 8 g Ir is  bas e ,  55  g bor i c  acid ,  
5 . 8  g E DTA, a n d  2 L d i st i l l e d  water .  Ex act ly  1 50 m l  o f  t ransfer  bu ffer  
were added to the  i ns i de  transfer  cham ber .  Th is was i ns u l ated by 700 m l  
o f  water p l aced i n  t h e  o uts ide  cham ber .  S o uthern  t ransfer  was per formed 
fo r  1 hour  at  co n stant 2 0  vo l ts ;  the  cu rrent  ranged from 250-300 rnA.  
Th e p u rpose of  t he  t ransfer  was to prov ide  a target fo r  a detect ion  
sys te m ,  the  E n z y g r a p h i c  W e b .  Aft e r  S o u t h e r n  t r a n s f e r  t o  the  n y l o n  
m e m brane was comp lete d ,  t h e  m em brane was prepared f o r  app l icat ion  of  
the w e b .  T h i s  p reparat i o n  i nvo lved  seve ra l  ste ps .  I n i t i a l l y ,  the n y l o n  
m e m brane u n d e rwent  b l o c k i n g  a t  r o o m  tem pe ratu re w h i l e  gent ly  rocki ng 
fo r  2 m i n utes with 50 m L of so lut ion cons is t ing  of 5% SDS and  1 %  Tween 
20 ,  both  in  t r i s  buf fered sa l i n e (TBS) . B l ock i ng  prevented nonspec i f i c  
b i n d i n g  b e t w e e n  t h e  m e m b r a n e  a n d  t h e  h o r s e r a d i s h  p e r o x i d a s e ­
streptav id i n  co nju gate.  A 1 m g/ml stock so lu t ion  o f  h orseradish 
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pero x i d ase -stre ptav i d i n  con ju gate was o bta i ned  f rom C al b ioch e m .  F i fty 
m i l i l i t e r s  of a 1 : 1 0 0 0  d i l u t i o n  of s tock  s o l u t i o n  was  a l l ow e d  to b i n d  
b iot i n y lated D N A  on  t h e  ny lon  mem brane .  The so l ut ion  was gent ly  rocked 
for 1 0  m i n utes at room tem perature .  
The b l o c k i n g  p r o ce ss  was r e p e ated  at room t e m p e r atu re  w h i l e  
g e nt l y  rock i n g  f o r  1 0  m i n utes .  T h i s  was f o l l owed w i th  t h ree  was h e s  fo r  
1 0  m i n utes ,  each  a t  room tem peratu re i n  a so lu t i on  of  0 . 05% Twe en 20  i n  
TBS.  Two f i n a l  wash ste ps were e ach perfo rmed wi th  50 ml of  TBS for  1 0  
m in utes at room tem pe rature wh i le  gent ly rock ing . 
.ill::lA Detection Wl1b. Enzygraph ic Y:l!iJJ. 
The Enzygraph ic  Web is  a su pport po lymer  coated with a patented 
de te ct i o n  s y ste m f o r  p e r o x i d ase e n z y m e  act iv i t y .  Am p l i f i e d  D NA was 
e l ect ropho resed in g e l ;  the DNA bands in gel were Southern  transferred to 
a n y l o n  m e m b ran e .  Af ter  t ransfe r ,  h o rserad ish  perox i d ase-stre ptav i d i n  
conj u g ate was b o u n d  t o  am pl i f ied DNA v ia  DNA b o u n d  b iot i n .  App l i cati o n  
o f  t h e  E n z y g r a p h i c  W e b  t o  t h e  m e m b r a n e a l l o w e d  t h e  h o rs e rad i s h  
perox i dase t o  u ndergo  an  enzymat i c  react ion  creat i ng  a b l u e  co lo r  wit h i n  
seconds o n  the  w e b .  T h e  frosted su rface o f  t h e  Enzygraph ic  Web was l ayed 
on top o f  the m e m brane with su f f i c ient h and  pressure to create an  even 
contact. Target DNA appeared on the Enzygraphic Web with in  seconds.  
Restriction Endonucleases 
M n l  I was o bta i ned from B io l abs ,  B ever ly ,  Massachusetts and Hae I l l  
w a s  o bt a i n e d  f r o m  B e t h e s d a  R e s e a rc h  L a b o r a t o r i e s ,  G a i t h e r s b u rg , 
Mary land.  M n l  I was expected to cut am pl i f ied DNA of the 1 . 1 DO alpha type 
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and not 1 . 2 o r  3 . 0  D O  a lpha types.  Hae I l l  cuts am pl i f ied  DNA of both the 
1 . 1  DO alpha and the 1 .2 DO a lpha types.  H ae I l l  does not cut ampl i f ied D NA 
of the 3 . 0  DO alpha type. 
T h e p u r p o s e  f o r  u s i n g  t h e  r e s t r i ct i o n  e n d o n u c l e a s e s  w a s  to  
s e l ect i v e ly cu t  am p l i f i e d  D N A  a t  sp e c i f i c  base  s e q u e n ce s i tes  p r i o r  to  
exam inat ion  by ge l  e l ectrophores is .  S ince the DNA f rom the var ious DO 
a lpha types have d ifferent base sequences ,  one DO a lpha type can be cut 
w h i l e  a n o t h e r  DO a l p h a  t y p e  re m a i n s  u n c u t .  W h e n  e x a m i n e d  by g e l  
e lectro phores is ,  t h e  cut DO a l p h a  D N A  shou ld  reveal bands ,  wh i l e  the  uncut 
DNA should be seen as one single band of 242 base pairs. 
Th i s  m i g ht a l l ow  i den t i f i cat i on  of the m aj o r  co m po n ent  D NA and the 
m i n o r  co m po n e nt DNA.  E i g hteen m i cro l i ters  of  t h e  a m p l i f i e d  D N A  were 
added to 2 J..LL o f  t h e  appro p r i ate e n d o n u c lease  bu f fe r  a n d  1 J..LL o f  t h e  
appropr i ate e ndon uc l e ase . T h e  m i xtu re w a s  al l owed to i ncu bate fo r  1 hou r  
at  3 7°C before be ing  e lectro ph oresed on  the  NOVEX po lyacry lam ide  g e l .  
T h e  ge l  t h en  u nderwent  eth i d i u m  bro m i de sta i n i n g  to a l l ow a photograp h .  
Th e ge l  was then  southern transferred t o  a ny lon mem brane .  
Th e ny lon  m e m brane was overl ayed with the Enzygraph ic  Web .  The 
E n zyg rap h i c  W e b  was e x pected to i n crease the detect i o n  s e n s i t i v i ty of 
transferred bands.  
CHAPTER IV 
Res ults 
AmpljType H LA-PO AJ.Qb..a I..e..s.1 !ill 
Known ,  h o m ozygo u s ,  DO a lpha  genes were am p l i f i ed  to ver i fy  the 
A m p l i Ty p e  H LA - D O  A l p h a  test k i t  s pec i f i c i ty . The a m p l i f i ed  s pec i m e n s 
w e r e  t e s t e d  f o r  h y b r i d i z at i o n  t o  k n o w n  co m p l i m e n t a r y  D N A .  T h e  
co m p l i m e n tary  D N A  w a s  b o u n d  t o  p robe st r i ps  p rov i ded  b y  t h e  Cetus  
A m p l iType H LA-DO A lpha  test kit . H ybr id i zati on  was  detected o n  the  probe 
str i ps  by a stre ptav i d i n  bou n d ,  ho rserad ish  perox idase - TMB enzymat ic  
co lor  deve lopm ent  ( a  b lue  dot) . Th is  i s  i l l ust rated i n  F ig u re 2 .  The k i t  
suggests a 30 m i n ute co lor  devel opm ent i ncubat i on  and reco rd i n g ,  but a 
secon d  re ad i n g  at 6 0  m i n utes was a lso  pe rfo r m e d .  B oth  read i n gs had 
i d e n t i ca l  resu l ts .  
The 1 . 1 DO a lpha  D N A  reacted pos it ive ly  with probes com p lementary 
fo r  1 ,  1 . 1 ,  contro l  (C )  and  al l but  1 . 3 ( F i g u re 3) . The resu lts i n d icate the 
amp l i f ied  D N A  to be DO a lpha type 1 . 1 .  The 1 . 2 DO a lpha  DNA reacted 
pos i t i ve ly  w i th  p robes  l o cated at pos i t i o n s  1 ,  1 . 2/ 1 . 3/4 , C ,  and a l l  but 1 . 3 .  
These resu lts i n d i cate t h e  a m pl i f ied  1 . 2 DO a lpha  D N A  typed correct l y  as 
1 . 2 .  The 3 .0  DO al pha DNA reacted posit ive ly  with probes at posit ions 3 . 0 ,  
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F I G U R E  2 .  T o p  o f  f i g u r e  s h o w s a m p l l f i e d D N A  a n n e a l e d t o  
a l l e l e - s p e c l f i c  o l i g o n u c l e o t i d e .  T h e  b i o t i n y l a t e d  D N A  b i n d s  
s t r e p t a v i d i n  w h i c h  i s  c o n j u g a t e d t o  h o r s e r a d i s h  p e r o x i d a s e .  T h e  
p e r o x i d a s e  c a u s e s  c o l o r l e s s  T M B  t o  f o r m a c o l o r e d  p r e c i p i t a t e . 
B o t t o m  o f  f i gu re s h o w s c o l o r  f o r m a t i o n of DO a l p h a  t y p e  1 .  1 .  
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F I G U R E  3 .  Three Ampl iType DO alpha probe st r ips used to type ampl i f ied 
D NA for  DO a lpha type . The top probe str i p  was reacted with DNA from an 
i n d iv id ua l  hom ozyg ous for  1 . 1 DO al pha .  The m i dd le st r i p  was reacted with 
D NA f rom an i nd iv idual  homozygous for 1 . 2 DO a lpha.  The bottom st r i p  was 
reacted with DNA from an i nd iv idua l homozygous for the DO alpha type of 
3.0. 
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C a n d  a l l  but  1 . 3 .  These resu l ts i nd i cate co rrect typ ing  fo r  DO a lpha  type 
3 .0 .  
A m p l i f ied DNA was d i luted and typed for  DO a lpha us ing  the  probe 
st r i p s .  C o l o r  deve l o p m e nt t i m e  was exte n d e d  from 30  m i n utes  to 60  
m i n u t e s  t o  e n h an ce s e n s i t i v i t y  o f  d e t e ct i o n . S i n g l e  s p e c i m e n s  o f  
a m p l i f i e d  DNA accurat e l y  typed at  a d i l u t i on  of  1 : 1 0 00  f o r  each  of  t he  
t h r e e  DO a l p h a  types  used .  The  s pec i m e n s  were  n ot de tec tab le  a t  a 
d i l ut ion of 1 :2000 for  each of the th ree DO a lpha types.  
A m p l i f i e d  1 . 1 DO a l p h a  D N A  was m i xed with 1 : 5 0 0 ,  1 : 1 0 00  a n d  
1 :2000 d i l ut i on s  of  amp l i f i ed  3 . 0  DO a l p h a  D N A .  The  t h r e e  m i xtures were 
typed with probe str i ps . Co lo r  deve loped at the 1 . 1 DO alpha DNA reg ion i n  
the  t h r ee  m i xtu res . The 3 .0  DO alpha DNA showed color  deve lopment at the 
1 : 5 0 0  d i l u t i o n . T h e  1 : 1 0 0 0  a n d  1 : 2 0 0 0  d i l u t i o n s  d i d  n o t  s h o w  c o l o r  
development for the 3 . 0  DO alpha DNA. 
Am p l i f i ed  1 . 1 DO a lp ha  DNA was a lso tested u n d i l uted wi th  1 :500 , 
1 : 1 000 ,  and  1 :2000  d i l u t ions  o f  a m pl if i ed  1 . 2 D O  a lpha  D NA.  The th ree 
m i xtu res were typed with known probe st r i ps .  Co lo r  deve loped at the 1 . 1 
DO a lpha D N A  reg ion  i n  the three m ixtures. The 1 .2 DO alpha DNA showed 
co lo r  deve lopment  at the  1 :500  d i l u t i on .  The 1 : 1 0 00 and 1 : 2000 d i l u t i ons  
d id  no t  show co lo r  deve lopment fo r  the  1 .2 DO a lpha  DNA.  
D O a lpha ty p ing  was  a lso  performed on  DNA sam ples m i xed pr io r  to  
a m p l i f icat i o n  an d a lso  resu l ted  i n  p robe  st r i p  co lo r  deve l o p m e n t .  Co lo r  
deve lopment  t ime  was exte nded f rom 30 m i n utes to 60 m i nutes to e n h ance 
sensit iv i ty of detect i o n .  The m i nor  com pon ent DNA showed less intense 
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co lo r  deve lopment  than the contro l  probe spot .  I n  t he  no rmal appl icat ion  
o f  the  test  k i t ,  th is  co lo r  patte rn  i s  i n te rpreted as an  i n co n c l us i ve  resu l t .  
I n  adapt i n g  t h e  k i t  to  detect  c h i m e r i s m ,  t h i s  c o l o r  p atte rn  was  i nte rpreted 
as a pos i t ive  resu l t  because  t h i s  weaker  react i o n  o n l y  o cc u r red  i f  the  
m ino r  compon ent was present.  
U n am pl i f i ed  and u n d i l uted 1 . 1  DO a lpha DNA was m ixed with 1 :500 ,  
1 : 1 0 0 0 ,  and 1 :2 0 0 0  d i l u t i o ns of  u n a m p l i f i e d  1 . 2 DO a l p h a  D N A .  Th e 
m i xt u r e s  were  a m p l i f i e d ,  and  the  res u l t i n g  a m p l i f i cat i o n  p r o d u cts  were 
typed with known probe str i ps . Co lo r  deve loped at  the 1 . 1  DO al pha DNA 
reg ion  i n  al l m i x tures .  In  add it i o n ,  the  1 . 2 DO alpha DNA showed co lo r  
deve lopm en t  a t  t h e  1 : 500  d i l u t i on .  The 1 : 1 000  and 1 : 2000  d i l u t i ons  d i d  not 
show co lor  deve lopment for  the 1 . 2 DO alpha type. 
U n a m pl i f ied and u n d i l uted 1 . 2 DO alpha DNA was m i xed with 1 :500 ,  
1 : 1 0 0 0 ,  and 1 : 2 0 0 0  d i l u t i o n s  o f  u n a m p l i f i e d  1 . 1 DO a l p h a  D N A .  The 
m i xt u res  w e re a m p l i f i e d ,  and  the resu l t i n g  a m p l i f i cat i o n  p roducts were 
typed us ing  probe str ips.  Co lor  developed at  the 1 .2 DO a lpha DNA reg ion  i n  
a l l  m ix tures .  I n  add it io n ,  the  1 . 1 DO a lpha DNA showed co lor  deve lopment 
at t h e  1 :500  d i l ut i o n .  The  1 : 1 000 and 1 :2000 d i l ut i ons  d i d  not  show co lo r  
development fo r  the 1 . 1  DO alpha type. 
Unam p l i f i ed  and u n d i l uted 1 . 1 DO a lpha DNA was also m i xed with 
1 :500 ,  1 : 1 000 ,  and 1 :2000 d i lu t ions of unam pl i f ied  3 . 0  DO a lpha DNA. The 
two m i xtu res  were amp l i f i ed  and the resu l t i ng  P C R  products were typed 
using probe str ips .  Color deve loped at the 1 . 1 DO al pha DNA reg ion in al l  
m ixtures. As seen i n  Figure 4 ,  the 3 .0 DO alpha DNA showed co lor  
1 . 1 - �:� 1 . 2 c 1.3 
• 
1 . 2 c 1.2 1 . 1 - 143 1 .3 
1.2 1 .  2 c 1 . 1 - �3 1.3 
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F I G U R E  4 .  Four  Ampl iType DO alpha probe str ips used to  type am pl i f ied 
DNA for  DO a lpha type .  From top to botto m :  f i rst st r i p  shows pream p l i f i ed 
1 . 1  DO a lpha DNA m ixed u n d i l uted with 1 : 500 d i l u t ion  of pream p l i f i ed  3 . 0  
DO alpha DNA. Second strip sh ows preampl i f ied 1 . 1 DO alpha D NA m ixed 
u n d i l uted with 1 : 1 0 00 d i l u t ion  of preamp l i f ied 3 . 0  DO alpha DNA .  Th i rd  and 
fo urth str ips are u n d i l u ted 1 . 1 DO alpha DNA f rom two separate a l i quots of  
stored DNA spec i m e n  run  as con tro l s .  A l l  were a m p l i f i ed  pr ior  to str ip  
test i ng . 
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deve lo pment  at the  1 : 500  and 1 : 1 0 00 d i l u t i ons .  The 1 : 2000 d i l u t i on  d id  not 
show color developm ent for the 3.0 DO alpha type. 
A l lele- Speci f ic A mpl i f ication 
A l l e l e - s p e c i f i c  a m p l i f i cat i o n  was an added a l te r n at ive  tech n i q u e  to 
amp l i fy m i n or component  DNA i n  the presense of  a m ajo r  compon ent D NA 
of a d ifferent DO a lpha type.  
A l l e l e - s p e c i f i c  a m p l i f i ca t ion  for the th ree  d i f fe ren t  D O  a l p h a  types 
was e v a l u at e d .  The n u c l e o t i d e  base  s e q u e n ce o f  the a l l e l e - s p e c i f i c  
p r im ers  i s  s e e n  i n  F i gu re 5 .  C o l o r  deve lopment  t i m e  was extended from 30 
m i n u t e s  to 6 0  m i n u t e s  to  e n h an ce s e n s i t i v i t y  o f  d e t e ct i o n .  S i n g l e  
s p e c i m e n s  o f  am p l i f i e d  D N A  accu rate l y  typed w h e n  u n d i l u ted  a n d  at a 
d i l u t i on  of 1 : 1 000 for  each of the three DO a lpha types used . As seen i n  
F i g u re 6 ,  am pl i f i cat i o n  b e g i n s  a t  t h e  a l l e l e -spec i f i c  p r i m e r  and  cont i nues  
5 '  t o  3 ' .  P ro be a r e as l o cated d i sta l  ( 3 ' )  t o  t h e  al l e l e - s p e c i f i c  p r i m e r  
a n n e a l i n g  l o c at i o n  t e s t e d  p o s i t i v e .  T h e  1 . 1 a l l e l e - s p e c i f i c  p r i m e r  
amp l i f ied  the 1 . 1 D O  a lpha D N A  on ly .  The PCR products reacted posit ive ly 
wi th  probes l ocated at pos i t ions 1 . 1 ,  C ,  a l l  but  1 . 3 ,  and 1 . 0 .  The 1 . 2 a l l e l e ­
spec i f ic  pr i mer  amp l i f ied  the 1 . 2 DO  a lp ha  D NA on ly .  The  PCR products 
reacted pos i t iv e l y  wi th  probes l o cated at pos i t i ons  1 . 2 / 1 . 3/4 . 0 ,  C ,  a l l  but  
1 . 3 ,  and 1 .0 .  The 3 . 0  a l l e le -spec i f ic  pr i m er amp l i f ied the 3 . 0  DO alpha DNA 
o n l y .  T h e  P C  R p r o d u cts reacted pos i t iv e l y  w i th  t h e  p r o be l o cate d  at 
pos i t i on  3 . 0 .  The 1 . 0 a l l e l e -spec i f i c  p r i m e r  a m p l i f i e d  the  1 . 1 DO a lpha  
D N A . Th e  PC R p r o d u cts reacte d pos i t i ve l y  w i th  t h e  p robe  l o cated at 
pos i t ion 1 . 0 .  The 1 .0 a l le l e-speci f ic  pri mer  amp l i f ied the 1 . 2 DO a lpha 
DQ 1 . 0 : TCA GCA AAT TTG GAG 
DQ 1 . 1  : TTG ATG GAG ATG AGG 
DQ 1 . 2 :  TTG ATG GAG ATG AGC 
DQ 3 . 0 :  TGT TCC GCA GAT TTA 
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F I G U R E  5 .  N uc l eo t i d e  base seq u e nces o f  t h e  a l l e l e- s p e c i f i c  
pr i m ers . S e q u e nces a r e  l i sted 5' t o  3 ' .  
co 
..,. 
1 . 1 DO Alpha 
TTI GAT GGA GAT GAG GAG TTC T AC GTG GAC CTG GAG AGG AAG GAG ACT GCC TGG CGG TGG CCT GAG TTC AGC AAA TTI GGA GGT TTI GAG CCG GAG GG 
TT GAT GGA GAT GAG G TC AGC AAA TTI GGA G 
1 . 1 primer 1 . 0 pri mer  
1 .2 DO Alpha 
TTI GAT GGA GAT GAG GAG TTC TAG GTG GAG CTG GAG AGG AAG GAG ACT GCC TGG CGG TGG CCT GAG TTC AGC AAA TTI GGA GGT TTI GAG CCG GAG GG 
TT GAT GGA GAT GAG C TC AGC AAA TTI GGA G 
1 .2 prime r  1 .0 primer 
3.0 DO Alpha 
TTI GAT GGA GAG GAG GAG TTC TAT GTG GAG CTG GAG AGG AAG GAG ACT GTC TGG GAG TTG CCT CTG TTC CGC AGA TTI AGA AGA TTI GAG CCG CAA TT 
TG TTC CGC AGA TTI A 
3.0  primer  
FIGURE 6 .  N ucleotide base seque nces of  DO alpha types 1 . 1 ,  1 . 2 , and 3 . 0  showing anneal ing sites 
of t h e  4 a l l e l e- s p ec ifi c p r im e rs . T h e  p r i m e rs a n n e al  to t h e  D N A  strand c o m p l e m e n ta ry to t h e  
seq u e nces l isted above. Seq u ences a re listed 5' t o  3 ' .  
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D N A . The  P C  R p ro d ucts  reacted pos i t iv e l y  w i th  t h e  p robe  l o cated at 
posit ion 1 . 0 .  
Am p l i f i e d  1 . 1  DO a lpha  D NA was m i xed u n d i l u ted w i t h  1 : 500  and 
1 : 1 000  d i l ut i o n s  of  am p l i f i ed  1 . 2 DO a lpha  DNA .  The two m i xtu res were 
typed u s i ng the probe str ips .  Co lor deve loped at the 1 . 1  DO alpha DNA 
r e g i o n  i n  t h e  two m i x t u r e s .  T h e  1 . 2 DO a l p h a  D N A  s h o w e d  c o l o r  
deve l o p m e nt a t  t h e  1 :500 d i l u t ion . The 1 : 1 000 d i l u t i on  d i d  not  show co lo r  
development fo r  the  1 .2 DO alpha DNA. 
Am p l i f i ed  3 . 0  DO al p ha  D NA was m i xed u n d i l u ted with 1 :500 and 
1 : 1 0 00  d i l ut i on s  of  am p l i f i ed  1 . 1  DO alpha D N A .  The two m i xtures were 
typed us ing  the probe stri ps .  Color developed at the 3 .0  DO a lpha DNA in 
the two m i xtures .  The 1 . 1 DO alpha DNA showed color  deve lopment at the 
1 : 500  d i l u t i o n .  The 1 : 1 000 d i l u t i o n  d id  not  show co l o r  deve lopm e nt fo r  the 
1 . 1 DO alpha D NA. 
D O a lpha ty p ing was also pe rformed on  DNA sam ples m i xed pr ior  to 
a m p l i f i cat i o n  and also resu l ted i n  probe st r ip  co lo r  deve lopment .  Co lo r  
dev e lopm en t  t i m e  was extended f ro m 3 0  m i n utes to 60  m i nutes to e n h ance 
sens i t iv ity of detect i o n .  The m i nor  compon ent D N A  showed less i ntense 
co lor  deve l o p m e nt than the contro l probe s pot .  I n  the n o rma l  app l i cat i on  
of  t h e  t es t  k i t ,  t h i s  co l o r  patte rn  i s  i n te rp reted as an i n co n c l u s i ve  res u l t .  
I n  adapt i n g  t h e  k i t  to  detect ch i m e r i s m ,  t h i s  co l o r  patte rn  i s  i n te rp reted 
as a pos i t i ve  re s u lt because t h i s  weake r react i o n  o n l y occu r red  i f  t he  
m inor  co mpon ent was present .  
The m i xt u res  were amp l i f i ed  us i ng  a l l e le -spec i f i c  p r im ers  for t h e  
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m i n o r  c o m p o n e n t  DNA DO a l p h a  types and the am p l i f i ca t ion  p r o d u cts 
eval u ated .  Al l  g ave appro pr iate bands on  ge l  e lectrophores is  at the 1 :500 
d i l u t ions . In add i t i o n ,  the  1 :500 d i l ut ions  for  the m i no r  com ponent DNA DO 
a l p h a  ty pes al l  g ave pos i t ive  react ions  when tested with the probe st r ips  
i n d i cati n g  appropr iate spec i f i c i ty and sen s i t iv i ty  down to  a 1 : 500  d i l u t i o n .  
Unam pl i f ied a n d  und i l uted 1 . 1 DO alpha D N A  was m i xed with 1 :500 
a n d  1 : 1 0 00  d i l u t i o n s  o f  u n a m p l i f i e d  1 . 2 DO a l p h a  D N A .  In ad d i t i o n ,  
u n am p l i f i ed  a n d  u nd i l uted  3 . 0  D O  a lpha DNA was m i xed with 1 :500  and 
1 : 1 00 0  d i l u t i o n s  o f  u n amp l i f i e d  1 . 1 DO a lpha DNA.  The m i xtu res were 
am p l i f i e d ,  and  the resu l t i ng  a m p l i f i cat i on  p roducts were typed u s i n g  probe 
str i ps .  The resu lts showed co lo r  devel opment for the m aj o r  com ponent DO 
a lpha type i n  both m ixtures. The m ino r  component DO al pha DNA showed 
c o l o r  deve l o p m e nt at t h e  1 : 500  d i l u t i o n  in both  m i xt u r e s .  The 1 : 1 000  
d i l ut i on  d i d  n ot sho w co lo r  deve lopm ent for  t he  m i no r  component  DO a lpha 
type i n  both m i xtu res . 
A l l e l e -spec i f i c  o l i g o n u c leo t i des  b l ocked at the i r  3 '  h y d roxy  g ro u p  
were used fo r  t h e  th ree d i f ferent D O  a lpha  types.  Th ese were used with 
t h e  C e t u s  k i t  t u b e s  i n  an att e m pt to p r e v e n t  C e t u s  p r i m e r s f r o m  
a m p l i f y i n g  t h e  m aj o r  c o m po n e n t .  T h i s  w a s  n o t  t h e  c a s e  a s  t h e  
a m p l i f i cat i o n  p r o d u cts  f r o m  t h i s  e x p e r i m e n t  g ave a p p r o p r i ate bands  of  
242 base pairs when e lectroph oresed on NOVEX polyacry lamide ge l .  
These a l tered p r im ers were not needed to b lock  m ajo r  component  
DNA a m p l i f i cat i o n  i n  t h e  react i o n  cockta i l w h i c h  a lso  used  a l l e l e -spec i f i c  
p r imers fo r  t h e  m i n o r  com ponent .  The a l le le -spec i f i c  pr i m ers for  the  
5 1  
m i nor  com pon ent DNA DO alpha type amp l i f ied  the m ino r  component ,  even 
i n  the presense of  m ajo r  co m ponent  DNA of a di f ferent DO a lpha type.  The 
a m p l i f i cat i o n  p r o d u cts  typed  appropr iate l y  with p r o be st r i ps  at a 1 : 500  
d i l u t i o n .  
Restriction Endonucleases 
T h e  reaso n f o r  u s i n g  res t r i ct i o n  e n d o n u c le ase e n z y m e s  was to 
s e l e ct i v e l y  cu t  am pl i f i e d  DNA at  spec i f i c  base s e q u e nce  s i tes p r i o r  to 
e x a m i n at i o n  by p o l y a c ry l a m i d e  g e l  e l e c t ro p h o r e s i s .  C u t D N A was  
e l e c t r o p h o r e s e d ,  S o u t h e r n  b l o t t e d  t o  a n y l o n  m e m b r a n e ,  t h e n  an  
Enzygraph ic  Web contai n i ng a co l o r  deve lopment system was app l ied to t he  
n y l o n  m em brane to i n crease detect ion  sens it iv ity . 
The  rest r i ct i o n  e n d o n u c lease M n l  I cons isten t l y  cut  n o n s pec i f i ca l l y  
and  cou ld  not  b e  u se d  to d i f fe rent iate between a m p l i f i cat i o n  p roducts o f  
DO al p h a  types  1 . 1 and  1 . 2 .  Howeve r,  t he  enzyme H ae I l l  d i d  cut  the 
amp l i f i cat i o n  products where expected .  H ae I l l  cut amp l i f i ed  DNA of  DO 
a lpha types 1 . 1 and 1 . 2 i nto three bands each . Hae I l l  appropri ate ly  d id  not 
c u t  a m p l i f i e d  D N A  o f  D O  a l p h a  type  3 . 0 .  F i g u re 7 s h ows e x p e cted  
restr ict ion  s i tes fo r  M n l  I and  H ae I l l . 
The NOVEX polyacry lam ide ge l  e l ectro phoreses system was used to 
eva l u ate the  am p l i f i cat i o n  p roducts .  As seen i n  F i g u re 8 ,  a 1 :2000 d i l u t i on  
of am pl i f ied  D NA  of the 3 .0  DO a lpha type gave an appropr iate band  on  
u l t rav i o l et ( U V)  i l l u m i n at i on  a t  254 n m .  The b io t i ny lated m arker  g ave an 
appropri ate band at  a 1 : 1 000 d i l ut ion . The sam e ge l  ( Fi g u re 8) underwent  a 
Southern transfer to a ny lon mem brane to be reacted with the Enzyg raph ic  
C\1 
II) 1 . 1 DO Alpha 
m������������������������m��m���oo 
Mnl l Hae I l l  
1 .2 DO Alpha 
m������������������������m��m���oo 
Hae Ill 
3.0 DO Alpha 
m �T G� �C �G �G TIC TAT GTG �C CTG �G AGG AAG �G ACT GTC TGG CAG TIG CCT CTG TIC CGC A� m A� A� m �C CCG CAA TI 
F I G U R E  7. Nucleotide base sequences of DO alpha types 1 . 1 ,  1 .2 ,  and 3.0. Site of restr ict ion endonuclease 
act ion i s  u nder l ined .  Sequ ences are l isted 5' to 3 ' .  
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FIGURE 8. Polyacrylamide gradient gel electrophoresis with ethidium 
bromide staining. DO alpha amplification products were treated with 
restriction endonucleases prior to electrophoresis. From left to right; 
lane 1 is 1:10 biotinylated gel marker, lane 2 is 1 :2000 dilution of 3.0 DO 
alpha DNA, lane 3 is 1:1000 dilution of 3.0 DO alpha DNA, lane 4 is 1:10 
dilution of 3.0 DO alpha DNA, lane 5 is 1 :2000 dilution of 3.0 DO alpha 
DNA, lane 6 is 1:1000 dilution of 3.0 DO alpha DNA, lane 7 is 1 :1 O dilution 
of 3.0 DO alpha DNA, lane 8 is 1 :1000 dilution of the biotinylated marker, 
lane 9 is 1:100 dilution of the biotinylated marker, lane 1 O is undiluted 
biotinylated marker. 
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Web .  App l i cat ion of the Enzygraph ic  Web is i l l u strated i n  F i g u re 9 .  The 
res u lts o f  t h i s  app l i cati o n  of the Enzygrap h i c  Web are seen in F igu re  1 0 . A 
fa i n t  band  i s  seen  at a 1 :2000 d i l u t ion  o f  amp l i f i ed  D N A .  The b iot i ny lated 
m arker gave an appropr iate band at a 1 : 1 00 d i lu t ion .  
H a e I l l  was r e ac t e d  w i t h  a m i x t u r e  c o n t a i n i n g  am p l i f i e d  a n d  
u n d i l uted 1 . 1 D O a lpha D N A  m ixed with 1 : 1 000 d i l u t ion o f  amp l i f ied 3 . 0  D O  
al ph a  D N A .  Hae I l l  was a lso reacted with a m i xture  conta i n i n g  am p l i f ied  
and  u n d i l uted 1 . 2 D O  a lpha D NA m ixed wi th  1 : 1 000 d i l u t ion  of amp l i f i ed  3 . 0  
DO a l p h a  D NA .  H ae  I l l  was a lso reacted with two add i t iona l  m i xtu res .  
These were m ixed  before amp l i f i cat ion and  co ntai ned 1 : 1 000  3 . 0  DO a lpha 
DNA m ixed w i th  und i l uted 1 . 1 DO alpha D NA in  one tube and und i l uted 1 .2 
D O  a l p h a  D N A  i n  anot h e r  t u b e .  A l l  m i xtu res  were e l ectro p h o resed o n  
po lyacry lam ide ge l  a n d  revealed appropriate ban ds f o r  t h e  1 . 1 and 1 . 2 DO 
a lpha  ty pes .  The 1 : 1 000 d i l ut i ons  of the 3 . 0  DO a lpha type were not  v is ib le  
o n  t h e  g e l .  A Southern  t rans fe r  was perfo rmed  to eval uate sen s i t iv i ty  of 
the E nzygraphic Web. The Enzygraph ic  Web showed appropr iate bands for 
the 1 . 1 and 1 .2 DO alpha types. The 1 : 1 000 d i l ut ions of the 3 . 0  DO alpha 
type were not vis ible on  the Enzygraphic Web. 
D e t e c t i o n of P e ro x i d a s e  L i n k e d  D N A  w ith E nzygraph i c  W e b  
I 
E n z y g r a p h i c  
Web 
� D e t ec t i o n  
System 
P o l y a c ry l am i d e  G e l  
I I I 
- " � C o l o r  I m ag e  T S tr e p t av i d i n - H R P  
til' B i ot i ny l a t e d  D N A  
I I I 
F I G U R E  9. E n z y g ra p h 1 c  W e b  1 s  u s e d  to d e t e c t  s t r e p t a v 1 d i n -h o r s e r a d 1 s h 
p e ro x i d a s e  l i n k e d  D N A .  T h e  E n z y g r a p h i c  Web i s  p l a c e d  i n  d i re c t  c o n t a c t  
w i t h  t h e  b l o t u n d e r  o r d i n a ry r o o m  l i g h t .  T h e  c o l or i m a g e  i s  f o r m e d  o n  
t h e  W e b  w i t h i n  s e c o n d s .  
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F I G U R E  1 0 . Enzyg raphic Web applied to NOVEX gel seen i n  f igure 7.  Gel 
u n d erwent  Sou the rn  B l ott i n g  to a ny l on  m e m brane with a p p l i cati on  of 
Enzygraph ic  Web to the ny lon m e m brane . From r ight to left ; lane 1 i s  1 : 1 0  
b iot iny lated ge l  marke r ,  lane 2 is 1 :2000 d i l ut ion  of 3 . 0  DO a lpha DN A, lane 
3 i s  1 : 1 000 d i l u t ion  of 3 .0 DO alpha DNA,  lane 4 i s  1 : 1 0  d i l u t ion of 3 .0 DO 
alpha D NA,  lane  5 is 1 :2000 d i l ut ion of  3 .0  DO alpha DN A,  lane 6 i s  1 : 1 000 
d i l u t ion of 3.0 DO alpha DNA, lane 7 is 1 : 1 0 d i lu t ion of 3.0 DO alpha DNA, 
l a n e  8 is 1 : 1 0 00 d i l u t i o n  of t h e  b io t i n y lated  m ar k e r ,  l ane  9 is 1 : 1 0 0 
d i l u t i o n  o f  t h e  b i ot i n y l ated  m a rke r ,  l a n e  1 0  i s  u n d i l u ted  b i o t i n y l ated  
marker .  
CHAPTER V 
Discussion 
C h i m e r i s m  m ay be assoc ia ted  w i t h  g r aft - v e r s u s - h ost  d i sease i n  
al l o g e n e i c  bone mar row transplantat ion  pat i ents ( Bo rgao n kar ,  et .a l . ,  1 974) . 
G raf t -v e rs u s - h ost  d i sease  i s  a l i f e - t h r e at e n i n g  co m p l i c at i o n  i n  t h e s e  
pat ients ( H ansen ,  et .al . ,  1 98 1 ) .  
M o st recent ly ,  s tud ies  b y  Lawl er ,  et al . ,  showed that the  po l ymerase 
c h a i n  r e a ct i o n  i n c r e a s e d  t h e  d et e ct i o n  s e n s i t i v i t y  f o r  c h i m e r i s m  i n  
a l l o g e n e i c  bone  m arrow t ransp lantat i on  pat ients u s i n g  pr i m e rs fo r  t he  Y 
c h ro m os o m e  ( Law l e r ,  et . a l . ,  1 9 8 9 ) .  The po lym erase cha in  reacti on  has 
been u sed to am pl ify the hypervar iab le reg ion of the DO a lpha gene .  DO 
al p h a  gene po lym orph ism m ay be se lect ive ly  tested to d i st i n g u ish  betwe en 
D N A f r o m  d i f f e r e n t  i n d i v i d u a l s  ( G y l l e n ste n ,  et . a l . ,  1 98 8 ) . To d at e ,  
amp l i f ication  o f  the D O  alpha gene has not been used to detect ch imerism . 
T h i s  w a s  a s t u d y  o f  d e t e c t i o n  s y s t e m s  f o r  D O  a l p h a  H L A 
po lym orph i sm . Th is  po l y m o rp h i sm  was e x pl o i ted to demo nstrate s i m u lated 
ch i m e ri s m .  The po lymorph ic  reg ion  of the DO a lpha gene  was amp l i f ied  by 
t h e  p o l y m e r as e c h a i n  r e a c t i o n  a n d  t h e  a m p l i f i c a t i o n  p r o d u c t s  
ch aracte r i zed .  Tech n iques  i n cl uded  probe str i p typ i n g ,  a l l e l e -spec i f ic  
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a m p l i f i cat i o n , p o lyac ry lam i d e  g e l  e l e ct r o p h o res i s ,  r es t r i ct i o n  e n z y m e s ,  
a n d  Southern transfer combined with t h e  Enzyg raph ic  Web. 
T h e  A m p l i Ty p e  H LA - D O  A l p h a  Test Kit  per fo r m e d  ve ry  we l l .  I n  
s i m u l at ed  c h i m e r i c  m i xt u res ,  t h e  m i no r  component  D NA was spec i f i ca l l y  
detected when  sam p les  were d i l uted 1 :500 .  Th is  represe nts a detecti on  
sen s i t i v i ty  o f  0 .2 % .  Th i s  i s  m u ch bette r t han  1 0 % detect i o n  sens i t i v i ty i n  
non-PCR tech n iques ( Lawler ,  et .a l . ,  1 989) .  
I n  a s i m u l ate d  c h i m e r i c  m i x tu re  d i l u t e d  1 : 5 0 0 ,  the  one base 
d i f fe rence between the  1 . 1 and 1 . 2  DO alpha types was detected by the 
p r o b e  s t r i p s .  W h e n  the 3 . 0  D O  a l p h a  type  was m i x e d  as the m i n o r  
com pon ent i n  a s i m u l ated c h i m er ic  m i xt u re w i th  u n d i l uted 1 . 1  DO a lpha 
ty p e ,  the dete ct i o n  se n s i t i v i ty for  t h e  3 .0  D O  a l p h a  type  i n c reased to 
1 : 1 000  d i lu t ion ,  a detect ion  level  of  0 . 1  % .  
O n e  reas o n  fo r  t he  d i ffe rence i n  the detect i o n  sens i t iv i t ies  cou l d  be  
heterodu p lex  fo rmat ions  (Wenger  & N i e lsen , 1 99 1 ) , o r  rean n eal i n g  between 
the 1 . 1 and 1 .2 DO alpha types. The 1 . 1 and 1 .2 DO alpha types could be 
rean n eal i ng to each other  because they are s im i la r ;  t he re i s  on ly  a 1 base 
d i ffe rence . In a m i xt u re o f  1 . 1 and 1 . 2 DO a lpha ,  the m i n o r  com ponent  
cou ld  be reanneal i n g  to the  m ajor  component  leav i ng  less m i no r  com ponent  
to hyb r i d i ze  to the  probe str i ps .  Th is  l eads  to a weaker  probe str i p  co lo r  
s i g nal  and m ay exp la in  why  the m i n o r  com ponents of  1 . 1 and  1 .2 DO a lpha 
were n egat ive at  1 : 1 00 0  whi le  the 3 .0  DO a lpha was pos i t ive when m i xed 
with the major  com ponent of 1 . 1 DO alpha.  
Er l ich s u g gests a potent ia l  prob lem amp l i fy i ng  smal l  am ou nts of 
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D N A  i n  the  presence o f  larger  quant i t ies of a d i fferent  D O  a lpha type .  Th is 
i s  k n o w n  a s  t h e p l a t e a u  e f f e c t ( E r l i c h , 1 9 8 9 ) . A l l e l e - s p e c i f i c  
a m p l i f i cat i o n  was per fo rmed  to compensate for  the  p lateau effect .  The 
m i n o r  c o m po n e nt D NA was se l ect i ve l y  and  e ff i c i e n t l y  a m p l i f i e d  in  the 
prese n ce of  a m ajo r  com ponent  DNA  of d i f ferent no n-amp l i f i ed  DO a lpha 
type ( Er l ich , 1 989) . 
T h e  p l ate a u  e f f e ct d i d  n ot a f fe ct m i n o r  c o m p o n e n t  D O  a l p h a  
d et ect i o n . T h e  a l l e l e -s p e c i f i c  p r i m e rs were  ab le  t o  s pec i f i ca l l y  a m pl i fy 
the m i n o r  component  D NA.  The m ajor co m ponent  DNA d id not ampl i fy ,  and 
t h u s ,  d id not com pete with the m ino r  component  DNA for  Taq po lymerase . 
Thus ,  t he  a l l e l e-spec i f ic  p r imers com pensated for  the  p lateau effect .  
T h e  b l o c k e d  a l l e l e - s p e c i f i c  p r i m e r s  s h o u l d  h av e  p r e v e n t e d  
a m p l i f i c at i o n  o f  t h e  m aj o r  c o m p o n e n t  D N A .  T h e y  d i d  n ot p re v e n t  
a m p l i f i cat i o n  of  t h e  m aj o r  componen t .  A t  t h e  extens ion  tem perat u re of 
7 2 °C , t h e  n o n - e x t e n d  a b I e b I o c k i n g  p r i m e r  m a y n o t  a n n e  a I t o  i t s  
comp lem entary s i te .  
The  restr ict i o n  e n d o n u c lease Hae I l l  has been  used by M aeda to 
d i f f e r e n t i at e  1 . 1 o r  1 . 2 f r o m  3 . 0  DO a l p h a  t y p e  u s i n g  u n d i l u t e d  a n d  
ampl i f ied  D O alpha D N A  (Maeda, Mu rayama,  I s h i i ,  Uryu ,  Ota, Tsuj i  & l noko 
1 9 89) . M aeda i n d icated that M n l  I can be used to d i f ferent iate between 1 . 1 
and 1 .2 D O alpha types. Mn l  I cut nonspecif ical ly and cou ld not be appl ied .  
H ae I l l  worked we l l  and was used to detect m i n o r component DO 
a lpha types 1 . 1 o r  1 . 2 i n  the presence of m ajor  component DO a lpha type 




R e s t r i c t i o n  e n d o n u c l e as e  t e s t i n g  w a s  l i m i t e d . B a c k g r o u n d  
i n te r f e r e n c e  p revented  detect i o n  o f  m i n o r  c o m p o n e n t  D N A  i n  m i xtu res 
s i m u l at i n g  c h i m e r i sm . Th i s  occurred in  both po lyacry l a m i d e  ge ls  stai ned 
w i th  eth i d i u m  bromide and o n  Southern  t ransferred mem branes reacted 
with the E nzygraph ic  Web.  
Recommendations 
The A m p l i Type H LA-DO A lpha  test k i t  successfu l l y  amp l i f i ed  m i n o r  
c o m p o n e nt D N A  i n  a s i m u l at e d  c h i m e r i c  m i xtu r e .  The  a l l e l e - s p e c i f i c  
p r i m e rs pe rfo r me d  s i m i la r l y  and  thus  d i d  not  of fer  a n y  advantage over  
se l ective amp l i f icat i on  of  the minor  com ponent  D N A .  
T h e  A m p l iType H LA-DO A lp ha  t e s t  k i t  o f fe rs the  best m ethod  o f  
detect i n g  c h i m e r i sm , a s  dem o nst rated w i th  s i m u lated c h i m e r i c  m i xtu res .  
H owev er ,  t he  poss i b l e  effect o f  h ete rodup lex  fo rmat i o n  o n  t h e  ab i l i ty  of  
m i n o r  c o m p o n e n t  D O  a l p h a  D N A to  h y br i d i ze  to probe s t r i ps  req u i res  
f u r t h e r  i n v e st i g at i o n .  Th i s  i nve st i g at i o n  c o u l d  l e ad to a n  i n c reased  
d e t e ct i o n  s e n s i t i v i t y  to  1 : 1 0 0 0  f o r  t he  m i n o r  co m po n e n t  DNA i n  t h e  
presence o f  major component DNA o f  any D O  alpha type . 
R est r ict i on  e nd o n uc lease test i n g  req u i res fur the r  i nvest i gat ion . The 
cu r ren t  d i l u t i on  for  detect i o n  of  m i no r  component  DNA wo u l d  not  pe rm it 
rest r i ct i o n  e n d o n uc leases to be a v iab le  a l ternat ive to the  A m p l iType H LA­
DO A l p h a  test k i t .  Pe rhaps  a l te rnat i ve  n on - rad i o act i ve  or rad i o act ive 
tech n iques  wou ld  perm it detect ion  of these com ponents.  
Biblio gra phy 
Bayer ,  E . ,  Skute lshy ,  E . ,  and Wi lchek ,  Ml ( 1 990) .  Av id in -B iot in  Techno logy .  
Meth Enzym. , 1 84 ,  6 .  
Beatty , P . ,  C l i ft ,  R . ,  M i cke lso n ,  E . ,  N isperos,  B . ,  F lournoy ,  N . ,  M arti n ,  P . ,  
Sanders , J . ,  Stewart , P . ,  Buckner,  C . ,  Storb,  R . ,  Thomas, E . ,  and Hansen ,  J .  
( 1 9 8 5 ) .  M ar row t rans p l a ntat i o n  f r o m  re lated  d o n o rs ot h e r  t h a n  H LA 
i d e nt i ca l  s i b l i n g s  . .fi .E.D.gL_ J... .Me.Q. , 3 1 3 , 765. 
B i l l i n g h a m ,  R . ,  Brent ,  L . ,  and Me dawar , P. ( 1 956 ) .  Quant itative stud ies in 
t i s s u e  t r a n s p l a n t at i o n  i m m u n i t y ;  A ct i v e l y  acq u i r e d  t o l e r a n c e .  P h i l .  
Irans... �- . 239 , 357.  
B lazar ,  B . ,  Soderl i n g ,  C . ,  and Val le ra ,  D .  ( 1 986 ) .  Assessm ent of m u lt i  o rgan 
system e n g raftment  by genotyp ic  typ ing us ing R FL Ps and by phenotyp i ng  
u s i n g  a m icrocytotox i c i ty assay. J... l m munol . ,  1 37 ,  3338 .  
Borgaonkar, D .S . ,  B ias ,  W.B . ,  Sroka, B . M . ,  Hutchi nson, J . R . ,  and Santos , G.W.  
( 1 9 7 4 ) . I d e n t i f i c at i o n  of  g ra f t  a n d  h o st  c e l l s  i n  b o n e  m a r r o w  
t r a n s p l a n t a t i o n  b y  t h e  q u i n a c r i n e  t e c h n i q u e  o f  c h r o m o s o m e  
i d e nt i f i cat i o n .  � Qyj,Ql. , 1 8 , 263-267 .  
Bort i n ,  M . M . ,  and R i m m ,  A .A .  ( 1 989) . I ncreas ing  u t i l i zat i on  of bone m arrow 
trans plantat i o n .  Transolantatjon, 4 8 ,  453-45 8 .  
Buckner ,  C . ,  C l i f t ,  R . ,  Sanders,  J . ,  W i l l i ams ,  B . ,  Gray, M . ,  Sto rb, R . ,  and 
T h o m as ,  E .  ( 1 9 7 8 ) .  A B O - i n c o m p at i b l e  m a r r o w  t r a n s p l a n t s . 
Transplantation, 26 ,  233 .  
Ca ine ,  R .  ( 1 973) .  A l log ratt i ng  i n  the p ig .  In  R .  Cai ne  (ed) : Immunological 
Aspects Q.f. Transolantation Surgery, MTP Co. 
C a r p e n t e r ,  C .  B .  ( 1 9 7 7 ) . C l i n i c a l  h i s t o c o m p a t i b i l i t y  t e s t i n g .  
Transplantation Proceedings, 9, 1 .  
6 1  
62 
C e t u s  C o r p o r at i o n ,  ( 1 9 9 0 ) . A m p l i Ty pe H LA - D Q  a l p h a  f o r e n s i c  D N A  
am pl i f i cat i o n  and ty p ing  kit b i n der .  1 -3 .  
Cha lmers, E .A . , Sprou l ,  A . M . ,  M i l ls ,  K . l . ,  G ibson ,  B . E . S . ,  and Burnett, A . K . 
( 1 990 ) . Use  of the po l y m e rase cha in  react i on  to  m o n i tor  e n g raft m ent  
f o l l o w i n g  a l l o g e n e i c  b o n e  m ar ro w  t r a n s p l a n t at i o n .  .!2.Qn.e. Mar row 
Transplantation , 6 ,  399-403 . 
C haiet ,  L . ,  M i l l e r ,  T . ,  Taus ikg , F . , and Wol f ,  F. ( 1 963) .  Ant ib iot ic  M S D-235:  
S e parat i o n  and p u r i f i cat i o n  o f  s y n e r g i s t i c  c o m p o n e n t s .  A ntjm icrob. 
Agents Chemother . , 3, 28 .  
C l i ft , R . ,  H ansen , J . ,  and Thoman ,  E .  ( 1 978) . M arrow transplantat ion  from 
donors other than g enotypical ly  H LA ident ical s ib l i ngs . .12..l.Q.Q.d., 52 ,  1 548 .  
Danfort h ,  C .  and  F oste r ,  F .  ( 1 929 ) .  Sk in  t ransp lantat ion  as a m eans of  
st u d y i n g  g enet ic  and e n docr i ne  factors in  the  fow l .  J..,. Exp. Zoo l . ,  52 ,  
443 .  
Dausset ,  N .A .  and  Brecy,  H .  ( 1 954 ) .  Leukoagg lut in i n s ;  l eukoaggl uti n i ns  i n  
c h r o n i c  i d i opath i c  o r  sy m pt o m a t i c  pan cyto p e n i a  and  i n  p a r o x y s m a l  
n octu rna l  h e m og lob i nu r ia . .lliQQQ, 9 ,  6 9 6-72 0 .  
Dresser ,  D .  a n d  M itch i nson , N .  ( 1 968) . T h e  m echan i sm  o f  i m m u no log ical 
para lys i s .  &!Y... Immunol . ,  8 ,  1 29 .  
D u pont ,  B . ,  O' Rei l ly ,  R . ,  Po l lack, M . ,  and  Good ,  R .  ( 1 980) .  H istocom pati b i l i ty 
t e st i n g  f o r  c l i n i c al  b o n e  m a rrow t ran s p l antat i o n  a n d  p ro s pects  f o r  
i d e n t i f i cat i o n  o f  d o no rs oth e r  t h a n  H LA genoty p i ca l l y  i den t i cal  s i b l i n gs .  
I n  Th ierfe lder ,  S . ,  Roo l i t ,  H . ,  and  Ko lb ,  H . ,  ( Eds . )  Immunology Q.f. .6.Qn.e. 
Marrow Transpl antat i o n  (p .  1 2 1  ) .  Ber l i n : Spr ing er-Ver lag 
Eastman Kodak Com pany.  ( 1 990).  Enzygraphic Web. Package J..n.s.m. 2 -5 .  
E ichwal d ,  E . ,  H art , E . ,  and  E ichwald ,  B .  ( 1 969) . Gene t i c  aspects of  t he  
g raft-ve rsus -host react i o n  of  m i ce .  fu.Ql. , 1 5 , 254.  
Erl i ch ,  H .A .  and B ugawan , T. L .  ( 1 989) . H LA class I I  gene polym orph i sm ,  
D N A  typ i n g , evo lu t i o n ,  and re lat i o n s h i p  to  d isease suscept i b i l i t y .  PCR 
Technology. Prjncjoles and. Appl ications 1..o..L � Amplification ,  
Stockton P ress,  Chapter 1 6 , p .  1 93 .  
63 
Er l i ch ,  H .A .  ( 1 989) . Polym erase chain react ion .  J... Qllo.... lm munol . ,  9 ,  437. 
Freda, V .J . ,  Gorman ,  J . H . ,  Pol lack, W . ,  and Bowie ,  E.  ( 1 975) . Prevent ion of 
Rh h e molyt ic  d i seas e :  Ten years c l i n i ca l  exper ien ce with Rh i m m u n e  
g l o b u l i n .  ti .Engl. J... .MeQ. , 292 , 1 0 1 4 . 
F rench , M .  and  Batche lo r ,  J .  ( 1 969) . I m m u n o log ica l  e n h an ce m ent of rat 
k idney  g rafts .  Lancet. 2 ,  1 1 03 .  
G i l l ,  J . ,  C ra m e r ,  D . ,  and  Runz ,  H .  ( 1 978 ) .  The m aj o r  h i stocom pati b i l i ty 
com plex-co m par ison in the mouse ,  m an ,  and the rat .  Am.  J... Pathol . ,  90 ,  
737 .  
Go re r ,  P .  ( 1 937) . The g enet ic  and ant i gen i c  bas is  of tumor  transp lantat i o n .  
J... .Ea1b.... � . . 4 4 ,  69 1 .  
Go re r ,  P .  ( 1 938) . The  ant i gen i c  bas is  of transp lantat ion . J. Path . Bact. ,  47 ,  
23 1 .  
Gotze , D .  ( 1 977) . H LA and Transplantat ion . .Ib..e. m...ajQ[ h istocompatibi l ity 
system in man .aru;! an i mals. 1 ,  5 1 . 
Green ,  N .M . ( 1 975). iliJ:i..... Protein .Qhem.. , 29,  85.  
G ri ep ,  R . B .  ( 1 979) , A decade of h um an heart transp lantat i on .  Transplant . 
.Er.Q.Q.. . 1 1  • 285 . 
Gy l lensten , U . B . and Erl i ch ,  H .A .  ( 1 988) . Generation  of s ing le -stranded D NA 
b y  t h e  p o l y m e r a s e  c h a i n  r e a ct i o n  a n d  i t s  a p p l i c at i o n  t o  d i r e ct 
sequenc ing of the H LA-DQA locus . .E.r.Q.Q. N.a1l. &.ad. .s.Q !./SA. 8 5 ,  7652-
7656 .  
Hansen , G . A. Cl ift ,  R .A.  Thomas, E. D . ,  Buckner, C . D . ,  Storb ,  R . ,  and Gi lbert, 
E . R .  ( 1 980) . Transp lantat ion  of  m arrow from an u n re lated donor  to a 
pat i e nt w i th  acute l e u ke m i a . ti .E.n.g1 J... .MeQ. , 303 ,  565 .  
H a n se n ,  J . ,  Wo o d ru f f ,  J . ,  and  G o o d ,  R .  ( 1 9 8 1 ) .  The  g raft-ve rsus - host 
react i o n  i n  m a n :  g e n et i cs ,  c l i n i cal feat u re s ,  and i m m u n opath o l o g y .  I n  
Safai , B .  and Good , R .  ( Eds.) lmmunodermatology (vo l . 7 ,  pp .  229-257) . 
New York: P lenum Publ ish ing Corp. 
6 4  
H o o d ,  L . ,  Ste i n m etz ,  M . ,  and M al i sson , B .  ( 1 9 8 3 ) .  Genes  of  t he  m ajo r  
h ist i oco m pat i b i l i ty comp lex  of  the mo use .  A. Rev. l m munol . ,  1 ,  529.  
H u m p h rey,  J .  ( 1 976 ) .  I m m uno log ical to lerance . .E.r... M..e.d. .6.J.!l.L., 32 ,  99.  
lssitt, P . O .  and M .C .  Crookston .  ( 1 984) . B lood group term ino logy : cu rrent 
convent ions .  Transfusion , 24 ,  2 -7 .  
Jamieson ,  S . ,  Sti nson ,  E . ,  and Shumway , S .  ( 1 979 ) .  Cardiac transp lantat ion 
in  1 5 0 pat ients at  Stanford U n ive rs ity . .fu.. M..e.d. .J.. , 1 ,  93.  
J effrey s ,  A . ,  W i l so n ,  V . ,  and  Th e i n ,  S.  ( 1 985 ) .  Hypervar iab le  m i n isate l l i te 
reg ions in human DNA.  Nature, 3 1 4 , 67 .  
J effreys,  A . J . ,  W i l son ,  V . ,  Ne uman n ,  A. ,  Keyte, J .  ( 1 988) . Amp l i f i cat ion  o f  
h um an m i n i sate l l i tes  by the  po l y m e rase cha in  react i o n : towards DNA 
f i n g e r p r i nt i n g  o f  s i n g l e  c e l l s .  N ucle i c � �  . •  1 6 , 1 0953- 1 097 1 . 
Kay, H . ,  Powles,  A . ,  Sloane,  J . ,  and Farth ing ,  M .  ( 1 980) . Cyclospor in  A in  
h u m an marrow g rafts .  In  Th i e rfe lder ,  S . ,  Roo l i t ,  H . ,  and Ko lb ,  H . ,  ( Eds . )  
I m munology Q.f. � Marrow Transplantation ( p .  255 ) .  Be r l i n :  Spr inger ­
Ver lag .  
K i s s m e y e r ,  F .  ( 1 9 7 4 ) .  H LA and t ra n s p l an tat i o n .  Histocompatibil ity 
Technigues. 1 ,  1 75 .  
Landois,  L. ( 1 875) . Monograph .  B lood Transfusion .  
Lan dste ine r ,  K .  ( 1 93 1  ) .  Nobe l  lecture ,  Stockh o l m .  Science, 73 ,  403 .  
Landsteiner ,  K.  and Weiner .  ( 1 940) . A .S . ,  Proc. Soc. Exp. B io i . N .Y .  43 ,  223. 
Lawl e r ,  M . ,  M c C a n n ,  S . R . ,  C o n n e a l l y ,  E . ,  and H u m ph r i e s ,  P. ( 1 989 ) . 
C h i m e r i sm  fo l l ow ing  a l l o g e n e i c  bo n e  m arrow t ransp lantat i o n : detect ion 
o f  res i d u al host ce l l s  us ing the  po lym erase cha in  react i on . Br itish J... 
Hematology, 7 3 ,  205-2 1 0 . 
Lee,  C . ,  Mauer,  S . ,  Brown,  D . ,  Sutherland ,  G . ,  M ichae l ,  A . ,  and Najarian , J .  
( 1 974) . R e n a l  t ransp lantat i o n  i n  d i abetes m e l l i t us  i n  rats .  J... .E.w,. Mad. , 
1 39 ,  793 .  
65 
L i l l e h e r ,  R . ,  S i m m o n s ,  R . ,  Naj ar ian , J . ,  Wa i l ,  R . ,  Uch ida ,  H . ,  R u i z ,  J . ,  
K i l lstra n d ,  C . ,  a n d  Goetz ,  F .  Pancreat ico-du odena l  a l l ot ransp lantat i o n :  
e x per im e ntal a n d  c l i n i cal exper ience .  Ann.. .s..u.rg_. ,  1 72 ,  405.  
L indho l m ,  L . ,  Rydberg,  L . ,  and Stan negard, 0. ( 1 973) . Development of host 
p l as m a  c e l l s  d u r i n g  g r a f t -v e r s u s - h o s t  r e a ct i o n s  i n  m i c e .  � J.... 
l m munol . ,  3 ,  5 1 1 .  
L i tt l e ,  C .  ( 1 9 1 4) .  A poss ib le  m e n de l i an exp lanat ion  of  a type o f  hered ity 
apparent ly no n -mende l ian i n  nature .  Science, 40 ,  904 .  
L i tt l e ,  C .  ( 1 94 1 ) .  The genet ics of tumor transp lantat ion . In  G . D .  Sne l l  (ed . ) :  
Biology .Q.f � Laboratory �. The B lakiston Co.  
M aeda, M . ,  Murayama, N. ,  Ish i i ,  H . ,  Uryu , N. ,  Ota, M. ,  Tsuj i ,  K . ,  and l noko , H .  
( 1 9 8 9 ) . A s i m p l e  a n d  rap i d m et h o d  f o r  H LA - D Q A 1  g e n ot y p i n g  b y  
d i g e s t i o n  o f  P C R - a m p l i f i e d  D N A  w i t h  a l l e l e  s p e c i f i c  r e s t r i ct i o n  
endonucleases. Tissue Antigens, 34,  290.  
Man iat is ,  T . ,  Jeffery ,  A . ,  and Van de Sande,  H .  ( 1 975) .  Biochemistry, 1 4 , 
3787.  
M a n i at is ,  T . ,  Fr i tsch ,  E . ,  and Sam borrk ,  J .  ( 1 982) . Molecular Cloning: A 
laboratory manual. Q.Ql.d. Soring Harbor Laboratory. Cold Spr ing Harbor,  
New York. 
Medawar. P. ( 1 9 44) . Behav ior  and fate of  sk in  autog rafts and homografts 
in rabb i ts .  J... AnaL 78, 1 76 .  
M icke lson , R . ,  C l ift , R . ,  Fefe r ,  A . ,  Storb,  R . ,  Tho m as ,  E . ,  Warren ,  R . ,  and 
H an s e n ,  J. ( 1 9 8 1 ) .  Stud ies  of the response in m i xed l e u kocyte cu l tu re of 
c e l l s  f r o m  pat i e nts  w i th  a p l ast ic  an e m i a  to ce l l s  f rom H LA- i de n t i cal  
s i b l i n g s .  Transplantation, 32 , 90 .  
M u l l is ,  K. B . ,  Faloona, F.A. , Scharf, S.J . ,  Sa ik i ,  R . K . ,  Horn ,  G .T . ,  and Erl ich , 
H . A .  ( 1 9 8 6 ) .  S p e c i f i c  e n z y m at i c  a m p l i f i cat i o n  o f  D N A  i n  v i t ro : The  
po lym erase cha in  reacti o n .  Q.QlQ. Spri ng Harbor � QJ.rnot. fuQl. ,  5 1 , 
2 6 3 - 2 7 3 .  
No  v e x  Corporat ion . ( 1 990) .  Package insert .  
6 6  
Ow e n ,  J .  a n d  C r u m pt o n ,  M .  ( 1 9 8 0 ) .  B i oc h e m i st ry o f  m aj o r  h u m an 
h i stocom pat i b i l i ty ant i g e n s .  l m munol . � 1 ,  1 1 7 .  
Parkman, R . ,  Rosen ,  F . ,  Rappaport, J . ,  Cam itta, B . ,  Lev ig ,  R . ,  and Nathan , D .  
( 1 9 7 6 ) . D etect i o n  o f  g e net i ca l l y  determ i n ed h i stocom pati b i l i ty  an t i gen  
d i f f e r e n ces  betw e e n  H LA i d e n t i ca l  a n d  M LC n o n - re act i ve  s i b l i n g s .  
Trans pi antati on , 2 1 , 1 1  0 .  
Peacock, A . ,  and D ingman,  C .  ( 1 968) .  Biochem jstry, 7, 668.  
Rodey ,  G . ,  Bort i n ,  M . ,  Bach , F . ,  and R i m m ,  A.  ( 1 974) . M i xed lym phocyte 
c u l t u r e  react iv i ty  and  g r aft-ve rsus -host  react i o n s  (secon dary d i s e ase ) 
betwee n  a l logene ic  H-k  mouse strai ns .  Transplantation , 1 7 , 84 .  
R o d u ,  B .  ( 1 990) . The po ly m e rase cha in  react io n :  the revo lu t ion  with i n .  Am..,_ 
J., � �. 299 ,  2 1 0 -2 1 5 .  
Saiki , R . ,  Scharf, S . ,  Faloona, F . ,  Mu l l is ,  K . ,  Horn ,  G . ,  Er l ich , H . ,  and Arnhe i m ,  
N .  ( 1 985 ) .  Enzy m at ic  ampl i f icat ion  o f  B-g lob i n genom ic  sequences and 
rest r i ct i o n  s i te  a n alys i s  f o r  d i ag n o s i s  o f  s i c k l e  ce l l  an e m i a . Science, 
230 ,  1 3 50 .  
Saik i ,  R . ,  Bugawan , T . ,  Ho rn ,  G . ,  Mu l l i s ,  K . ,  and  E r l i ch ,  H .  ( 1 986) .  Anal ysis of 
e n zy m at ica l l y  am p l i f i ed  B -g l ob i n  and  H LA-DQ a lpha  D N A  w i th  a l l e l e ­
spec i f ic  o l i g o n uc leot ide probes .  Nature, 324, 1 63 .  
San f i l i p po ,  J . ,  Vau cha ,  E . ,  Spees ,  E . ,  H i l s e ,  E . ,  and  Letor ,  W .  ( 1 984) . 
Benef i ts of H LA-A and H LA-B match i ng  on  graft and  pat ient  outcome 
afte r  cadaver i c -donor  renal t ransp lantati o n .  ti .Eml.L. J., � . . 3 1 1 ,  358.  
Seal ey, P.  and Southern , E .  ( 1 982) . .G..el el ectroph o resis Q1 nuc le ic acids-a 
practical approach. 1 ,  39 .  
Sparkes, M .C . , Crist, M . L. ,  Gale ,  R . P . ,  and Feig ,  S.A.  ( 1 977) .  Gene markers i n  
h u m an bone m arrow transplantat i on .  Y..sJ:K �. 33 ,  202-205 . 
Starz l ,  T . ,  Koep,  L . ,  Ha lgr imson ,  J . ,  Hood ,  G . ,  Ch roter ,  L . , Porter ,  K . ,  and 
We i l ,  R .  ( 1 978 ) .  Liver t ransplantat i on .  Transplant, 1 1 , 285 .  
Starzl , T . ,  Koep,  L . ,  Wei l ,  R . ,  Ha lgr imson ,  J . ,  and Franks, J .  ( 1 979) . Tho racic 
d u c t d r a i n a g e  i n  o r g a n  t r a n s p l a n t a t i o n ;  w i l l  i t  p e r m i t  b e t t e r  
i m m u nosu ppress ion ? Transplant, 1 1 ,  276.  
6 7  
Storb, R . ,  Thomas, E . ,  Buchner,  C . ,  Appelbaum ,  F . ,  C l ift, R . ,  De ig ,  H . ,  Doney, 
K . ,  Hansen ,  J . ,  Prent ice,  R . ,  Sanders,  J . ,  Stewart, P . ,  Su l l ivan , K . , and 
W i the rsp o o n ,  R.  ( 1 984) . M ar row t ransp lantat i o n  for ap last ic  ane m ia . 
Hematol. 2 1 ,  27 .  
Su the r lan d ,  D . E . R .  and Kendal l ,  D . M .  ( 1 985) . Pancreas transp lantat ion : 
Reg istry report and comm entary. � J.,. �. 1 43 ,  845.  
Thomas ,  E . ,  R u d o l p h ,  R . ,  and Freer ,  A .  ( 1 9 7 1  ) .  I sogene i c  bone m arrow 
g raft i ng  in man . .Em Hematol . ,  2 1 , 1 6 . 
Tho m as ,  E .  ( 1 975) .  Bone marrow transplantat ion .  N . .E.n..gL J.,. Med. , 292 ,  832 . 
Thom as ,  E .  ( 1 983) . M arrow transplantat ion  for  m a l i g n ant d iseases.  J.,. .Q.lio_,_ 
Qo.Q.Q.l., 1 ' 5 1  7 .  
Trowsdale,  J . ,  Young ,  J .A . ,  Ke l l y ,  A .P . ,  Aust in ,  P .J . ,  Carson ,  S l ,  Meun ier ,  H I ,  
So,  A I ,  E rl ich ,  H .A . ,  Spei lman ,  R .S . ,  Bodmer ,  J . ,  and Bodmer ,  W .F .  ( 1 985) . 
Structu re ,  sequence and po lymorph ism i n  the  H LA-0 re g i o n .  l m munol . 
Reviews. 85 ,  5 -43 .  
Van Cam p ,  B ,G ,K . ,  Co le ,  J . ,  and Petermans, M . E . ( 1 977) . H LA ant igens and 
hom ogeneous i m m unog lobu l ins . .Q1io... lmmunol, lmmunopathol. , 7, 3 1 5 . 
Van Leuwen A . ,  Xcher i t ,  H . ,  and Van Rood, J .  ( 1 973) .  Typ ing for M LC( LD) I I .  
Th e se lect i o n  o f  n o n st i m u l ator  ce l l s  b y  M LC i n h i b i t i on  test u s i n g  S O ­
i d e nt i ca l  st i m u l ato r  ce l l s  ( M is i s )  and  F l u roesce nce ant i body st u d i e s .  
Transplant .E.r.Q.Q. , 5 0 1 -539 .  
Warren ,  R . ,  Storb,  R . ,  Thomas , E . ,  S u ,  P . ,  M i ckelson ,  E . ,  and Wei den , P .  
( 1 9 8 0 )  A u t o i m m u n e  a n d  a l l o i m m u n e  p h e n o m e n a  i n  p a t i e n ts  w i t h  
a p l a s t i c  a n e m i a :  cy tot o x i c i t y  a g a i n st au to l o g o u s  l y m p h ocytes  a n d  
l y m phocytes f rom H LA ident ica l  s i b l i n g s .  B.J.QQd., 5 6 ,  683 .  
Wenger, R .  and N i e lsen , P .  ( 1 99 1 ) .  Rean neal i ng  o f  art i f ic ia l  heterodupl exes 
gene rated dur i ng  PCR-med iated ge net ic i sotyp i ng .  Trends ln. Genetics, 
7 ,  1 78 .  
Z i n ke rn a g e l ,  R .  ( 1 9 7 9 ) .  Ass o c i at i o n s  betwe e n  m aj o r  h i stoco m p at i b i l i ty 
g ro u ps and suscept i b i l i ty to d isease . Ann.. B.eY.. MiQrobial. , 33 ,  201 . 
6 8  
Vita 
